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The Various Neurones Constituting the Nervous System and their Relations, f 

Thfi ussticiution iieuronrs aro shown in ro«L A son.'iory ini|>rc>Mon from the skin roaches' iht? 
spinal where ii may excite the ni(»tor n(Mirono ; nr tlie <*hirke cell, anti through it the cerebellum; 
or the motltilla. optic thalamus anti cerebral rt)rtex. eaiisint: tiuloinatic resptmses anti conscious per- 
cetttions. A sensory impre.ssinn fiom the somicin tilar canals may roach the cerebellum, catisiiuj: auto- 
matic acts of etpiilibrium. (‘crebellar impubes may bo sent to tlto mott»r neurone by way of the lum- 
rt>nes t)f Deilers in the mtMluUa, proilueinp acts (»f balancing, or to the ecrebrum by way of the optic 
thalamus. eausitiK pertu'ptioiis of position. Cerebral impulstts may be sent diret^lly to the motor neu- 
rune or intlireeily thr)^tii;h the corpus .striatum, producing voluntary or automatic acts. 'I'lic motor 
neurone seiitis i's nervo to the musele. 
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PREFACE TO THE THIRD EDITION. 


Tjie (Icinaixl for aiiotlior u<lition of tliis Iwwk has {fivoii nw? an op- 
portunity for a <»iroful revision of its eontents, for many achlitions, and 
also for a rearmiif^Mnent whieh siioiild make it of greater value to the 
stmlent and practitioner. 

4i The general aspesets of neurology, the luctluxl of exaininatimi of a 
patient, and the principles of diagnosis have In'en brought together in 
the first part. The various symptoms presented by luu'vous affections 
are there deserilMnl and analyzed ; the pnudieal anatomy and physi- 
o^gy of the nervous system, necessary to their undcrstaixling, are con- 
cisely set forth, ami the attempt is nuide to trace eac^h symptom to its 
underlying disturl)an(;(! of function in a definite nerve centre or nerve 
tract. In this way tin; student is enabled from the study of symptoms 
to reach a conclusion as to the tiature and location of tlx; h'siou pro- 
du(;ing it, and thus to niakt; a diagnosis of the dis<>use present. 

In part second the organic <liseas<'s are taken np. Sixth additions 
as have been made to our knowledge in the past thrw* yisirs have luKtii 
iixiorporatitd in this part, and the <!haptei*s upon bcri-lwri, caisson 
disease, and syphilis of the nervous system havi; been rewritt<*n. Much 
new material has lieon ailded to the chapter on paresis, and to the 
section on decompressive operations in disi-ases of the br.iin. 

In part third functional diseases are fully pmsented, the space allottitd 
to this department having been nxire than doublisl. Fuller diseiission 
is given to spasrnorlic neuroses, especially to the various forms of tic 
and myoclonus. The mental .symptoms attendant upon ixMirasthenia, 
recently classed togtdher as psyehasthenia, are prcsiaitcd, and the 
subject of psychotherapy is iliscnsscd. A ix;w chajitcr upon tlx? reflex 
neuroses has been intriMluced. Many additions liave Inxin made to 
every portion of this part, and Imth diagnosis and treatment are thor- 
oughly itrcsenti'd. 

In |)art fourth the diseases of the sympathetic nervous systimi an- 
discussed, our present knowledge of v.oso-motor affections, their [ihysi- 
ology and pathology being summarized, and chapters added on syni- 
metriciil gangrene and angio-nenrotic fjcflcma. Trophic symptoms 
loccurring in nervous disorders are also pn-sented. 

While the extensive literatui’e of neurology has been carefully sifteil, 
and references have b<K!n given to important articles u|Min the various 
subjects considered, it has Imxui my endeavor to utilize my piirsonal 
observation and ex|K?rience in the prij.sentation of each subject ; for the 
mass of pathological and clinical material that has accumulated in my 

iii 



ppateBsion in the past twenfy-seven years in the pracdce of this speoialiy 
repaid analysis and has led me to many definite oonoloslons. Due 
r^ard has bera given to theories of disease, but attention has been' 
especially directed throughout* the book to etiology, differential diag- 
nosis, and treatment. 

Xervous diseases lie on the borderland between medicine and sur- 
gery, and in the consideration of treatment, the surgical measures for 
Sie cure of many of them are fully describe. For the surgical suc- 
cesses are among the most brilliant of recent achievements in neurology, 
and my own experience, working with McBumey, McCosh, and 
Hartley, has been extensive. 

In the presentation of much new pathological material in this edition, 
£ am indebted to the assistance of Dr. J. H. Larkin, of the patholc^^ 
ical department of the Ciollege of Physicians and Surgeons, and to the 
photographer of the department. Dr. Edward Learning. 

It is my hope that in this new form the work will add to its prac- 
tical service as a text-book for students, and as a guide for physicians 
in the recognition and treatment of nervous diseases. 

M. Allkn Stabb. 

Five West Phty-eocrth Sthebt, 

New York. 
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PART I. 


STEUCTUEE OF THE NEEVOUS SYSTEM 

AND 

DIAGNOSIS OF NEEVOUS DISEASES 


CHAPTER I. 

^ THE STRUCTURE OF THE NERVOUS SYSTEM. 

L The Cerebro-spinal Nervous System. Neurones, Ccntml and PeripheraL Dcn> 
dritcs. Axoncs. Terminal Tassels. Varieties of Neurones. Nutrition and 
Pathology of Neurones. II. The Sympatlietic Nervous System. 

Titk nei’vous system is dividctl into two parts, the cerebro-spinal 
system and the sympathetic system. 

I. THE OEBEBBO-SFINAL NERVOUS SYSTEM. 

The cerebro-spinal nervous system consists of two lai^ cen- 
tral organs, the brain and spinal cord, and of a very extensive and 
wide-spread peripheral system of nerves which bring tliese central 
organs into communication with every part of the botly. Inasmuch 
as every form of functional activity in the organism requires direc- 
tion in accoixlance with the needs of each oi^n and also of the entire 
t>ody, it is evident that a central regulating station in perfect connec- 
tion with all the different parts is a necessity. The cerebro-spinal 
nervous system supplies this need. Its function consists in the recep- 
tion of impressions and the response to these impressions by actions 
that are performed in a properly ordered manner adapted to an end. 
Incidentally impressions and actions are n^stered, so that recollection 
is possible and repetition is easy. These acts may be unconscious and 
automatic, or conscious and voluntary, acconling to the parts of the 
nervous system which are called into play by Ae impression. But, 
whether conscious or unconscious, the action is always one of control 
sof the lower mechanisms of the body ; of the sensory oipins, and of 
the voluntary and involuntary muscles ; of the circulatory and respi- 
ratory systems ; of the secretory glands, and of the digestive and re- 
productive systems. Thus the nervous system may be considered as 
the governing and controlling system of the entire oi^nism, 

l%e central organs of die nervous system are made up of gray and - 
2 17 
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18 THE STRU(n:VBE OF TBENEBVOm SY8TSM. 

white matter, whose visible difference led older anatomists to attach 
much importance to their varying arrangement. The gray matter iras 
known to be nulde up of cells, and the white matter of nerve fibres 
transmitting impulses to and from the cells. But recent investigation 
. has demonstrate that gray and white matter are merely different parts 
of elementary bodies, termed neurones, which make up the nervous 
system, and that the study of these neurones, of their structure, and 
of their connections, whether they lie singly or in groups, as in the 
spinal cord, or in masses, as in the basal ganglia of the brain, or spread 
out in layers, as in the cerebral cortex, is a matter of the greatest 
importance from eveiy point of view. It is found that the white mat- 
ter and the nerves are merely the distal portions of these neurones, and 
are not to be studied apart from the central part or body which forms < 
the gray matter. It is therefore the chief object of the anatomist 
to-day to establish the situation of the neurone body and the course 
and termination of the neurone branches, their mutual relations, and 
their manner of action and interaction. (See Plate I., frontispiece.) 

The neurones are held together by neuroglia and connective tissole, 
and are amply supplied with bloodvessels and lymphatics. 

Classes of Neurones. — There are two classes of neurones differ- 
ent in their origin in embryonal life. The first class develops in the 
central nervous system. The second class develops in the ganglia, 
which lie upon the nerves. 

I. The First or Central Class of Neurone. — The neurone consists 
of a cell body and its projecting branches. These are of two kinds, den- 
drites and axones. 

The ceU body has various shapes in different parts of the nervous sys- 
tem, being spherical, pyramidaly^and polygonal, as shown in Fig. 1. 
The actu^ structure of tlie botly is sliown in Plate II., A, which 
demonstrates a protoplasmic mass unstained, a nucleus and nucleolus 
and a large number of granular bodies which are more or less regularly 
arranged in the protopl^m about the nucleus. These bodies are stained 
by basic aniline dyes and have been termed Nissl bodies, chromopliile 
bodies, stainable substance, or tigroid. Nissl bodies are made up of 
phospho-albumin, and it is supposed that this exists in solution in the 
living cell among the other ingredients of the protoplasm, but is pre- 
cipitated by the fixative and then stained by the dye. The cell body 
varies greatly in size in different parts of the nervous system ; it is 
from 4 to 135 microns in diameter. Through the cell body fine fibrils 
have been shown to pass in many directions from and to the branching 
processes.* (Figs. 2 and?^.^ 

The dendritea.aXe branchmg protoplasmic processes of the cell body 
and resemble it in structure. They are very numerous in some nei^ 
rones. -Near the cell body they are thick, 'but as they extenff away 
they divide and subdivide, resembling the roote of a tree, until, they • 

* ’^Thestrncturedttheiiearenebodyiggdllamatterof diseoniofi. Tlienaderiir^ 
fttHid to I^ker’a Nervons Sjmtem, Aroleton A Co., 1808 jto Ewing, Stadiee on Oang- 
<Uon'0^ ArchiTes of Nenrolonr ^^ychopathologr, 1898^ voL 263 ; to Baiky, 

j^pholo^ of Ganglion CdLs, Joamal m Experimental Medicine, 1901, voL v., p. 660. 
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THE STRUCTURE OF THE NERVOUS SYSTEM. 


Fia. 2. 



Lana plurlpolar gaogjton cell of the Teatral parauiedlan field of the abdominal cord of LamMeiu. 
A primitive fibril la aeen on ita vay to a ganglion cell becoming thinner, owing to the emlaaion of the 
aide fibrila. A very complicated Intracellular reticulum of ncuro-fibrils la to lie made out In the forma- 
tion of which the primitive fibrila of all the proceaaca take part, kk, nucleolua ; k, nucleus, a and p 
are procesaes containing one primitive fibril in each, which arriving in the cell body a)illt up into 
several blfliroating neuro-fibrils. The primitive fibril in a can be fdlowcd for a very long distance, 
being thicker at a distance ftom tbe cell. The coarse longitudinal processes y and S contain a largo 
number of primitive fibrila which, as far as they can be followed, do not unite to one fibrlL (After 8. 
Apathy, ^th. aua d«r sooL St. an Neapol, ItOT, Bd. xll., Ht. 4, Taf. zxvii.. Fig. 7.) 

Fig. 3. 



iJCella of the anterior corpora qnadrigemina of the oat, to show nenirrdibrila. A, ozone ; B, 
of MhnMlbTlk made op of fibrils entering the cell from the branches ; d perinuolear idezus of tbmV' w 
in % cell which has been divided longitufinally ; D, fibrila running tnm the plexua into tiw banditK. ' 
(Bomon jr Ci^ Blbliog. AnaL, 1904°p. 261) 
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end in fine fibrils. The dendrites vary in length, some neurones having 
one very long dendrite and many short ones. These variations are 
shown in Fig. 1. They pursue a tortuous course an^ are very irregu- 
lar in their size, shape, and branching. The surface of tlie dendrite 
is rough and often n^uiar, and appears to be covered witli small gran- 
ules called buds or gcmmulcs. Witliin the dendrite fine filaments lie 
which pass into the cell body, and through it into other dendrites or 
into the axone.‘ These filaments are calM neuro-fibrils. They were 
first demonstrated by Apathy in worms and have been more fully des- 
cribed in tlie human neurone by Kamon y.C^jal. (See Fig. 2.) It 
is supposed that the dendrites collect and transmit nervous impulses to 
the cell l)ody ; and as they are numerous and long it is evident that 
impulses from many sources may reach any one ceil body. 

The axone or axis-cylinder process of the neurone is a single, long 


Fio. 4. 



A, Cell divided longitudinally ; B, surface of cell allowing the “terminal feet” of Held, the manner 
of termination of the flue neuro-flbrils U|mn the aurface of the cells. These fibrils come from a plexus of 
fibrilv lying about the cells. (Ramon y Caial, Blbllog. Anat., 1904.) 

branch, arising from a cone-like projection of the cell body. This 
cone-like projection, as well as its base within the cell bt^y, con- 
tains no chromophile substance, but fine fibrils can be found within it 
by acid stains. It is suppos^ to transmit nervous impulses from 
•the cell. It is straight and smooth in contour. It undergoes a 
slight contraction soon after leaving the cell body, but then becomes 
larger and remains uniform in diameter. Though in its course within 
the central organs it gives off very fine collateral filaments at right 
angles to its direction, it does not branch in the nerve until it reaches 
its veiy end, some distance from the cell body. There it divides into 

Van Oehadaen. Le NSvraxe, January, 1904. Ofljah ffiblic^raphie Anatomique, 
Ifitrch, 1003. 



22 THE STBUCTUBE OF THE NESVOVS SYSTEM. 

a number of little end fibrils resembling a toft or tassel. (Fig. 7.) 
In tbe central oigans it is possible that these fibrils enter the denotes 
of other neurones. It is possible that they end in free terminations 
which merely touch these dendrites. It is also possible that they end 
on the surface of other cell bodies in what are known as the plates 
of Anerbadi or the end feet of Held, but the exact connection is not 
yet determined. (See Figs. 3 and 4.) The collaterals terminate in the 
same manner. The termination of the axone in muscles is in the 
so<<»lled muscle plate. In the other organs it ends in a fine plexus 
of nerve filaments. The axone is made op of many fine fibrils packed 
together, which are gathered from the cell body and from its dendrites. 


Fig. 5. 



PbiUi^ neurone of eenbeUam, Minjr dendittei. One axone projecting Corn tSe body. 


Fig. 8 shows this structure. The size of the axone at its exit from 
the cell body varies in , different neurones. Some axones extend long 
distances, as from the chrtex of the brain to the lowest part of the 
spinal cord. This variety is known as Type I. of Golgi. (Fk. 9.) 

Some axones terminate near the cell body, dividing and subdividing 
into a sort of network. This variety is known as Type II. of Golgi. 
(Fig. 10.) Betw^n* these- extremes aljl. varieties are to be found. 

' When the long tuones leave the gray matter they are insulated from 
jpad) ^ther by reoeivfng a medullary sheath or fa^ coating, held in 
place by ta thin membrane, but this ^ey lose at their termination. In 
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1%. 9 this is ehown. Some axones on nearing their termination ap- 
pear to split ia two in a Y-shaped manner and ewh division has its 
own end tassel. If the nervous impulse passes out fri)m tiie cell body 


Eia 8. 



Xeoronei of the oerebiml oortez, noond Isrer. The long dendrite eztendi to the eorfhoe Injrer. 
Smaller dendrltee go out firom the bodjr. The ozone pasaea downward from the body, gWlng otf 
eoUaterala. 
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along the nxonc it is evident that it may reach many different destina- 
tions, i^eeause of the different places of ending of the collaterals and of 


Fio. 7. 



Tbo terminal fibres of the axoncs ; a. axone near Its termination ; ft, e, tly terminal 

brushes. (Etuuun y Cajal, otudien bber die lUriirindc des Meiischen» 1., t55.) 


the terminal filaments. The terminal filaments of the axones are never 
continuous with other axones; but im])ulsti8 are probably conveyed 
from one neurrmc to another by the contacit of 
Fio. 8. axones with adjacent dendrites or with other cell 

bodies, 

The nutrition of both axones and demlritcs is 
controlled by the cell iKsly, for they atrophy when 
separated from it. Nerv(‘8 are the axones of neu- 
rones collected into bundles and held together by 
connecitive tissue. 

n. The Second or Peripheral Class of Neurone. — 
This class belongs to the wmsory part of the ner- 
vous .system. It develops originally in the poste- 
rior spinal ganglia that lie outside of the spinal 
cord and in the homologous ganglia that are in 
Axone from thc«ciatio comiection with the sensory cranial nerves and also 
nerve of a frog, showing in the ganglia of the sympathetic system. ThI 

flbriiiarj- stniciure and a gengory neuronc in an early stage of develop- 
nodc of Ranvier. (Ver* ....i i i • xr. 1.1 

„om.) ment is bipolar, a branch coming out ot each end 

of the cell body. (Figs. 1, 3.) I.(ater the two 
branches api>ear to be fuseil together for a short distance, and thus in 
the udulfa the simsory neurone is pear-shaped and appears to send out 
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a single axono which divides into two branches, passing in opposite 
directions. One of these bmnehes finds its way outward to the jxjriph- 
ery of the Ixsly, forming a sensory nerve, and terminates in a fine 
brush-like expansion of filaments in the skin or in the tactile cor- 


Fio. 9. 



Scheme of central motor nenntne. ft. type of Golgi.) The motor ccrll body, together with all Its 
protoplasmic procoRsirt«, Its axis-cylinder piHiccm, side Abrils, or collaterals, and end raiiillicatfons, 
represent luirts of a single cell or neurone, a.h., axotie-hillock doyoid of Nissl iMxiies, and showing 
Abrillation ; «/., axis cylinder or axone. This process, near the cell Ixsly, IxrconMrs summndtKl by 
myelin, *»., and a cellular sheath, the neurilemma, the latter not l»eiiig an integral iHtrt of the neurone ; 
c., cytoplasm showing Nlasl bodies and lighter ground substance ; d., protoplasmic processes (dendrites) 
containing Nissl boal^; ?»., nucleus; nueleolus; n.R.y node or Hanyier; «/., side flbril: n. of 
nucleus of neurilemma sheath ; tel,, motor end plate or telodendron ; mf, striped muscle Abro ; s,L,^ 
segmentation of Lantermann. (Barker.) * 
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puscles. The other branch finds its way inward through the posterior 
nerve root into the spinal cord or brain axis, where it bifurcates, one 
portion passing downward and the other portion upward in the pos- 
terior columns of tlie spinal cord, or in the formatio reticularis of the 
brain axis. As these main branches pass up and down within the 
cord they give off at right angles little collaterals, and these collaterals. 


Fio. 10. 



Oolgi’i cell of Type IL from the dorsal horn of the gnty matter of the spinal cord of the newborn 
mouse. Keen in saw a neurone the axoue is eery easily distinguishable bom the dendrites. The lat* 
ter are only represented in part in Uie illustration, (Alter TonlsmhoasCk.) 

together with the main branches, terminate in brush-like extremities 
within the gray matter of the posterior horn, either near their entrance 
or as far from their entrance as the posterior nuclei of the medulla 
oblongata, or at various levels in the brain axis. The sensory axone 
never terminates in a cell in the spinal cord or brain axis. It ends in 
bmsli-like terminations or tassels. 

In tills form of neurone the cell body is situated about one-half way 
betweeff tlys terminal extremities of its two great branches, and this 
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fact of the interposition of the body in the course of a nerve tract, 
which, from the nature of the case, must be a continuous tract, sug- 
gests that the iiinction of the cell body is a trophic one. We have 
proof also that an axone is not always centrifugal in the direction of 
its impulses. 

The structure of the cell body iu this class of neurones is not different 
from that in the first class ; but the chromophile granules arc arranged 
about the nucleus in a series of concentric rings. (See Plate II., B.) 

Varieties of Neurones. — Neurones have been classified into : 

1. Primary neurones, whose cell bodies lie in the central nervous 
system or ganglia and whose axones extend thence to some peripheral 
part of the organism, to a muscle, or to a gland, or to the skin, or to 

* some sensory oi>?an, and 

2. Secondary neurones, whose cell bodies lie in the central nervous 
system and whose axones extend to some other pirt of the central 
nervous system, to terminate about a primary neurone or about another 
secondary neurone. 

* Neurones have also been classified according to their function into 

1. Centrifugal : (o) motor, (6) secretory, (c) trophic. 

2. Centripetal or sensory. 

3. Intrinsic or asswiation. 

Tlu! diagram (Plate I.) illustrates these various neurones and their 
relations to one another. 

Keflex acts may be performed by the primary neurones, but all con- 
scious sensations or voluntary acts involve the acti(»n of Ixith primary 
and seciondary neurones acting together. This action may be illus- 
trated by the analysis of a simple sensation, like the impact of a particle 
of dust in the eye, which causes a wink, a flow of tears, a conscious 
pain, and a voluntary effort to remove the particle. The sensation 
comes in from the eye along the primary sensory neurone, is trans- 
mitted (a) to the brain axis, where it reaches the primary motor neurone, 
setting up the ccnitrifugsil reflex acts of a wink and of se<!retion of tors, 
and (6) to the setsondary sensory neurone, which transmits it upward 
to the brain. This secondary neurone may terminate about another 
secondary or jissociation neurone, which then sends the impulse on to 
a sccomlary motor neurone, and this in turn sends its impulse down to 
the -primary neurone, which transmits it to the mustsle, causing the 
removal by the hand of the particle. 

There are many more complex acts, either automatic, like the act of 
breathing or snwzing ; or voluntary, like the act of walking or talk- 
ing, which call into play a vast number of neurones — centripetal, 
intrinsic, centrifugal — which cannot Ixj so easily analyze*!. But how- 
*ever complex the act, the physical basis of all nervous and mental 
activity is the interaction of a series of neurones. 

The arrangement of these neurones and their mutual relations 
will be considered in connection wth the studies of diseases of the 
various parts of the nervous system. In that connection also the 
vascular supply of tlie nervous system will be described. ^ 
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The Nutrition of the Neurone. — In order that these neuronea 
may do their work they must have a normal structure and a normal 
capacity for sustaining their nutrition when in activity. When a neu- 
rone is made to work it undergoes certain manifest changes. Hodge' 
was the first to describe alterations in the form and appearance of the 
cell and of its nucleus consequent upon its activity. There is a gen- 
eral diminution in the size of the cell, a lessened power to absorb stain- 
ing substances, which may be taken as a proof of the using up of its 
own substance and also changes in the appearance of the nucleus, 
which is decreased in size, and changes from a smooth *and rounded 
outline to a jagged and irregular one. As the cell becomes changed 
in its structure by constant work, it becomes more and more exhausted, 
so that finally there comes a time when it is no longer capable of send- 
ing out impulses, and requires a period of rest to make up what it has 
lost of form and to regain a store of energy. Vas" and Mann® have 
described these physiological changes more exactly. Vas showed that 
mild stimulation of a cell caused a swelling of its body and of the 
nuclei and a clearing up of the central part of the cell by an apparent 
movement of the chromatin bodies to its periphery. Mann showed 
that functional activity of the cell is accompanied by an increase in 
the size due to imbibition of the lymph lying in the cavity about the 
cell, so that the cell at work fills up the cavity in which it lies. When 
activity goes on to the point of fatigue, tlieJi a shrivelling of the cell 
Ix^ns, first in the nucleus, then in the body. At the same time 
changes go on in the chromatin. During the period of activity the 
chromatin material is used up, so that a fatigued cell does not absorb 
staining material as does a cell at rest. In ail exhausted cell the only 
stain is in and about the nucleus. In Plate II. these changes are 
shown. These results have been reache<l by stimulating cells to work 
in living animals either by electricity or by keeping up movements, 
such as running, or by exposing one eye to the light while the other 
was kept dark, and then contrasting the appeamnee of the cells made 
to work with those that were kept at rest. When a stimulated cell is 
allowed to rest it gradually resumes its original appearance ; but the 
period of rest must be adequate. During the period of reconstmetion 
the chemical activities going on in the cell are numerous, and its 
power of assimilation of material furnished to it by the blood must be 
increased. If, however, anything interferes witli this incresised nutri- 
tion, such as an imperfect supply of blood or a deleterious substance 
of any kind in the blood, then the process of building up fails to take 
place, and the neurone caAnot resume its function. 

The Pathology of the Neurone. — The fundamental fitet at the basis 
of all forms of nervous disease is some change in the power of th§ neu- 
rone to continue its normal functions. This may be of a temporary 
character, whose nature is as yet not undei^stood, and not attended by 

‘ ‘-Hodge. American Journal of PSyoholofpr, vol. ii., p. 39. 

*Vb 8. Ueber den Bau des Chromatins in den lymphatischen Ganglien, Aiehiv. 
fttr Mikipecopische Anatonue, 1892, Heft 3, p. 373. 

'’QustoT Mann. Journal of Anatomy and Physiology, October, 1894. 
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visible alterations of form ; and may be succeeded by a resumption of 
natural action. This is the hypothetical basis of functional nervous 
diseases. But the loss of power in the neurone may also be doe to 
damage more or lees grave to its structure, visible through the micro- 
scope, and oilen incapable of repair. This is the basis of oiganic dis- 
eases of the nervous system. The varieties will be carefully considered 
in connection with the various diseases studied. It is always to be 
remembered that the pathological changes which go on in the neurone 
are in no sense distinct from those occurring in the cells of otlier 
organs ; but the exact appearances are determined by the structure of 
the neurone as different from that of other cells. We are at present 
able to see changes in the size and shape of the cell bo<ly and of its 
nucleus and nucleolus. We can distinguish, by Nisei’s method of 
staining, changes in the chromophilc bodies within the cell which con- 
sist in a gradually progressing disintegration of these bodies until they 
are resolved into a fine dust, and tlicn entirely disappear, leaving the 
c^l body a homogeneous, unstained mass. The protoplasmic substance 
in which these chromophile bodies lie also undergoes degenerative 
changes in disease ; but our staining methods arc not adequate to show 
this. We can see a displacement of the nucleus of the cell body to 
one side as the chromophile bodies disappear, which indicates cither a 
solution of the substance about the nucleus, and its consequent sinking 
by gravitation from lack of support, or an active migration. We can 
see the development of vacuoles within the cell Ix^y, indicating an 
absorption of both protoplasmic and chromophile d4bris. And we can 
see a gradual shrivelling of the cell body until its place is taken by a 
granular scar. The dendrites and the axone share in the pathological 
processes within the cell body, showing similar evidences of disinte- 
gration and destruction, or the axone alone may undergo these changes 
in lighter grades of atrophy. All forms of neurones appear to undergo 
similar pathological alterations. These may be cla»$^ together, no 
matter what their cause, as parenchymatous inflammatory processes or 
as parenchymatous degeneration. There are certain chemical changes 
which attend degcireration in the neurones which have recently Ireen 
determined by Mott.' He has ascertained that when nervous tissue 
d^nerates, prots^on or lecithin breaks up into choline, glycero-phos- 
phoiic acid, and stearic acid. The protagon is converted into a fat of a 
different composition, the phosphoretted fat being changed into a non- 
phosphoretted neutral fat. This is a process of hydration, and is 
expressed by the following equation : 


C,4HpgNFO + 3H,0 =* 2C„H,jO, + 

(lecithin) (water) (eteanc acid) (giyoero- (choline) 

phoe. acid) 


Parenchymatous degeneration may be attended by or may be due to 
inflammation in the connective tissue or in the neuroglia which every- 
^ere surrounds and supports the neurones. Such inflammation is 

* Arch, of Neurology of the London County Aaylnma, 1899, voL L, 186. 
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termed interstitial, and die meohanioal compressioti exerted upon the 
neurones by an increase in the supporting substance may cause serious 
degeneration in the neurone. A^un, in diose forms of mflammation 
in which we have an emigration of leucocytes, we can offen see these 
bodies invading the neurone body and apparently destroying its tissUS. 
It has also b^ shovna that bwteria may find lodgment within the 
neurone body or in its branches, causing irritation and destruction ; and 
' it is not unlikely that in some cases invasion of the neurone by 
leucocytes is really an attempt to remove these bacteria by phagocytosis. 
In Plate III. these changes are shown. 

All these pathological processes will be more fully studied in connec- 
tion with the various diseases to be considered. 


n. THE SYMPATHETIC NEEVOUS SYSTEM. 


The sympathetic nervous system is the second division of the ner- 
vous system. Though closely connected irith the cerebronspinal sys- 
tem by the nerves, it appears to differ from it in its structure and to 
be independent of it in its fimetion. It consists of a series of masses 
of gray matter enclosed in capsules termed ganglia, made up of spheri- 
cal cell bodies and joined to each other and to the so-calle<l involuntary 
organs of the body — the heart, bloodvessels, and lymphatics; the 
lungs ; the digestive, hematogenetic, secretory, and repr^uctive sys- 
tems — by nerves of a peculiar type whose axones lack insulating 
material or medullary sheaths, and hence are gray instead of white. 

The sympathetic system is subdivided into : 

' 1. Two great cords containing ganglia, which lie on the sides of the 
vertebral colunm and are connect^ with the spinal cord on one side 
and with the plexuses on the other. 

2. Three prevertebral plexuses, the cardiac, solar, and hypogastric, 
which are masses of ganglia connected with the viscera. 

3. Many periphery plexuses connected with individual organs. 

4. Terminal monocellular ganglia scattered through the viscera. 

6. Sympathetic nerve fibres which join these plexuses and ganglia 
together and also establish their connection with the spinal cord and 
brain. 

Meny groups of cells lying in the central region of the spinal cord and 
in the kteral part of the central gray matter receive and give off nerve 
fibres which pass by way of the nerve roots to the spinal nerves, and 
thence to the sympathetic cords and ganglia.^ These nerves are both 
sensory and motor ; hence it is probable that some part of the activity 
of the f^rmpathetic system is controlled by the spinal cord. 

The connection of the sympathetic system with the brain is made’ 
by the great vagus or pneum<gastric nerve. 

The action of the sympathetic syst^ in regulating the vegetative 
..functions and the acts of the heart, bloodvessels, and lungs is usually 


. * Onuf and CollinB. 

-Ho.'!. 


Archives at Neurology and Btyduqpo&ology, 1900, voL iii., 
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automatic and unconscious ; but this activity may be reflected upon con- 
sciousness in an indefinite manner and cause changes in the emotional 
state and in the general feeling of comfort. H^d, trho has made a 
careful study of this subject/ aflirms that exaltation or depression of 
spirits, hallucinations, a state of suspicion, and a change of character 
may be induced by the reflected pains of visceral disease. He ascribes 
many of the symptoms which we term hysterical to such sources. It 
is also a fact that unusual states of consciousness, expectant attention, 
and conditions of the mind and brain induced by hypnotic suggestion 
may in turn produce physical changes in the vascular and vegetative 
organs. These can be explained oidy by admitting a control by the 
brain of these organs through sympadretic channels, but in an uncon- 
scious and involuntary manner. 

Very little is actually known concerning the diseases of the sym- 
pathetic system, and notliing is known of its pathology. It is not im- 
probable that some of the functional nervous aflections may be traced 
t(^ its derangement, especially those in which the vascular system is 
manifestly affected. These are considered in the Chapters on Vaso- 
motor and Trophic Neuroses, Part IV. 

• The Gulstonian Lectures for 1901. Brain, 1901, vol. xxiv., p. 345. 



CHAPTER II. 

THE GENERAL DIACJNOSIS OF NERVOUS DISEASES. 

General Considerations. The Method of Examination. 

The raultitiuk* anil variety of" symptoms whitili are present in ner- 
vous diseases render it diffieult for tlie student to know how to examine 
a pitticnt suffering from a nervous diseast^ A few su^estions regarding 
methotis of examination may be of value, and then the siguificanec of 
each symptom or group of symptoms may be discussed. 

It is importiint in every ca.se to obtain a complete history before 
proceeding to the physical examination. This history should elicit tl^e 
hereditary tenden<;ies of the patient, for the family history often aff’onls 
an importsmt clue to the disease pmsent. There are some dLscases which 
run through several generations in a family, and w'hich seem to imply 
some defective capaciity for development. Thus hereditary deafness ; 
and blindness ; the dystrophies affecting the muscles ; the forms of 
atiixia seen in Friedreich’s disease and in Marie’s <X!rebelIar atrophy, 
aud juvenile spastic paraplegia are all examples of what Gowers has 
termed abiotrophy, a eongtuiital tendency for the special organ involved 
to wither and die long before the life of the individual ends. Henxl- 
itary tendencies to ner\mus disease due to nervous affections, to bad 
habits, or to other general diseases affecting the nutrition of the parent 
are traceable in a large number of patients afflicted with nervous afilsc- 
tions, e.specially in the neiirosses ; epilep.sy, neurasthenia, psychasthenia, 
hysteria, migraine, and the tics, as well as insiinity. 

Tlie personal history of the patient should not be neglected, for the 
development in early life of convulsions, of headache, of habit sjmsms, 
of fainting fits, of mental peculiarities, or mental defects will show a 
tendency to a wesikness of structure or of function in the brain 
which may be a strong pr(Klispo.sing cause to the occurren(!e of ner- 
vous disease in later life. There are many nervous affections directly 
or indirectly traceable to bad habits, to alcoholism, to chronic toxmmia 
by drugs or metals or poisons, to the infectious diseases and to syphilis. 
Jkimctimes the occupation of the patient will at once lead to the diag- 
nosis ; as in lead palsy or in writer’s or telegrapher’s cramps. There 
are not a few cases of nervous disease, lx>th organic and functional^ 
that are due to injury or to its attendant mental shock. And the influ- 
ence of care, anxiety, and long-continued worry and overwork of a 
mental kind is fully appreciated by all physicians as a cause of nervous 
disease. 

The history of the mode of onset of the affection in question is 
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equally important. The sudden appearance of symptoms, if trauma 
is excluded, suggests some primary vascular disease, as in apoplexy ; 
or some acute infection, as in infantile paralysis or chorea. The 
gradual onset is characteristic of the more slowly advancing sclerotic 
changes in the nervous system which cause so many forms of pro- 
gressive paralysis j while the possibility of tumor growth should never 
be overlooked as a cause in these cases. Lastly it is not to be for- 
gotten that many nervous symptoms are wholly sceoudaiy to and the 
result of diseases of other orgjius, as for example the heailaches from 
eyestrain, the reflex neuroses, neurasthenia of pulmonary or gastric or 
intestinal origin, hysteria from ovarian disease. 

The most prominent symptoms related by the patient will as a rule 
indicate whetocr the affection is functional or oigsmie. The fact of 
occasional complete intermission in these symptoms is itself suggestive 
of functional disease, as in neuralgia as contrasted with neuritis, as in 
epilepsy, or in the spasmodic neuroses, as contrasted with the perma- 
nence of paralysis or of contracture or of ataxia. The extreme varia- 
bility in the character and in the intensity of symptoms, such as is seen 
in neuralgia, in neurasthenia, and in hysteria, is at once suggestive of 
a functional disease : for when orgsinic changes have occurred in the 
brain or in the spinal cord the symptoms are not only permanent but 
are invariable. And the susceptibility of a patient to various physical 
or psychical impressions or remedies is also an indimtiun that the 
symptoms do not depend upm destructioii of nerve tissue. Thus tlie 
history of the chief (somplaints and of their mode of appearance and 
constancy will usually give a clue to the form of disciase present. 

If that disease is clearly organic in nature there is rarely any difficulty 
in assigning it to the part of the nervous system primarily involved. 
Lesions of the nerves produce pain, paralysis, antesthesia and trophic 
symptoms wholly different in their exact locality and distribution in 
the boily from lesions of the spinal cord, and hence by the grouping of 
the symptoms rather than by differences in their kind a differentiation 
between nerve and cord lesions is reached. Ijesions of the spinal cord 
produce symptoms wholly different in their distribution in the body 
from lesions in the brain, one being as a rule bilateral, the other uni- 
lateral ; one being attended by electrical changes in the muscles and a 
loss of reflex action in the muscdcs, the other not. Lesions of the brain 
produce many changes in mental activity, in consciousness, memory 
and temper, in the power of thought, expression and action, in the use 
of toe cranial nerves, in the gait and balance never seen in disease of 
the nerves or of the spinal cord. Thus a cursory examination at once 
directs the attention of the examiner to the portion of the nervous 
d^stem chiefly affected. 

The objective examination to determine the exact character, extent, 
and location of each symptom ; and to ascertain the actual degree of 
incapacity of every function is more important than the history. But 
incidentally the character and temperament of the patient, his emo- 
tional condition as shown in his facial expression, attitude, and.manner 
3 
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of convereation, his degree of intelligence, his power of underatanding, 
his capacity of speech, of movement, or of balance, can easily be ob- 
served without direct questions. In a case of shaking palsy, or of 
hemiplegia, or of locomotor ataxia, or of spastic paraplegia, mere inspec- 
tion as a patient walks into the office is sometimes sufficient to warrant 
a diagnosis. But it is only after a thorough investigation of the powers 
of motion, of sensation, of reflex activity, of cobrdination, of gait, of 
speech, of mental activity and of self-control that one should feel sure 
that the entire ground has been covered in the examination. 

The various symptoms presented by the various forms of nervous 
disease arc fully discussed in tlie following chapters of this part, each 
symptom in affections of the nerves, of tlie spinal cord and of the 
brain being described, the manner in which these symptoms may be 
elicited being portrayed, and the significance of each symptom being 
indicated. The attempt is made to trace each symptom to its under- 
lying pithological cause, so that the nature and situation of the lesion 
incidentally appears from the study of the symptoms. But as this 
necessarily implies a knowledge of the anatomy and physiology of tiie 
nervous system the essential and important facts of applied anatomy 
are included in the chapters upon diagnosis. 

If in the use of this text-book constant comparison is made between 
the symptoms described in each disease and the discussion of the sig- 
nificance of those symptoms in the chapters upon diagnosis, a much 
more complete view will be gained of the disease in question, and it 
will become at once apparent how a study of a sympfatm in nervous 
diseastis nsusdly leads at once to a definite conclusion as to both the 
character and the situation of the underlying lesion which causes it. 

The use of the book will be enhanced by a constant reference to the 
index where, incidentally, the classification of the causes of tlic majority 
of symptoms appears. 



CHAPTER III. 

THE PERIPHERAL NERVOUS SYSTEM. 

Thb peripheral nervous system is nuidc up of the twelve cranial 
and thirty-one spinal pairs of nerves which connect every pjirt of tlie 
body with the central nervous system ; viz., the cerebral axis and the 
spinal cord ; and also of the sympathetic nervous system with its 
various ganglia. The nerves, as already shown, are merely prolonga- 
tions of the neurones ; motor nerves being the axones of tlie motor 
neurones situated in the anterior gray horns of the spinal cf)rtl and in 
the gray matter of the medulla, pons, and crura cerebri ; sensory 
nefves being the axones of sensory neurones situjited in the posterior 
spinal ganglia and in the ganglia of the cranial nerve nxjts ; sympa- 
thetic nerves being the axones of the various sympathetic neurones 
situated in their gsinglia. 

THE HISTOLOaY OF A NERVE FIBRE. 

When a nerve trunk is dissected, the connective-tissue sheath or 
perineurium enclosing its fibres torn away, and the individiml fibres set 
free by tesiring the finer connective-tissue strands or endoneurium 
which bind them together, it is possible to distinguish certain parts by 
means of appropriate methods of staining. 

There is, first, the axone or axis-cylinder. (Fig. 11.) This is made 
up of a number of primitive fibrils longitudinally arranged and con- 
tinuous tliroughout the length of the nerve. The fibrils are cemented 
together by a substonce whi<^h appears finely granular. Each axone 
comes from a single nerve cell ; the individual fibrils come from the 
cell body and from its dendrites. The fibrils pass together in the axone 
to the periphery and there terminate, tlie individual fibrils branching 
out in various directions, and joining with other fibrils from other 
axpnes to form a fine plexus within the organ to which the nerve as a 
whole has gone. It has lieen thought possible to trace individual 
fibrils of the plexus into individual epithelial cells in various internal 
organs and in the skin. Other axones can be tra(!ed directly to ter- 
im'nal organs, such as the terminal plates upon the muscle and the ter- 
minal bulbs and corpuscles in the skin. In these no division or 
blanching of the fibrillary constituents of the axis cylinder has been 
discovered. Their termination in each of the organs of special sense 
is still difiPerent. The diameter of an axis cylinder varies from 2.6 fit 
to 7.6 fit. It is no longer believed that the longest fibres have the great- 
est diameter. 

There is, secondly, the mydin sheath surrounding the axis cylinder. 
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(Fig. 11.) This is not a continuoiu tulxi, but consists of a series of 
^ort tubes or interannular segments placed end to end. Tliese seg- 
ments vary in length from 0.1 mm. to 1 mm. and are longer on thick 
fibres. The point of junction of two adjacent segments is indicated 
by a constriction in the contour of the nerve fibre, the n(Klc of Ranvier, 
and if the fibre be stained with osmic acid the myelin will be seen to 
be deficient at these nodes. (Fig. 8.) If, by any means, the nerve 
fibre be broken the myelin in any segment will run out and collect in 
drops, showing that it is a semifluid substance of fatty nature. 


Fio. 11. 
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The myelin sheath is not a necessary constituent of all nerve fibres, 
for the majority of die nerves of the sympathetic system are devoid of 
such sheaths. Nor does the myelin slieath of die nerves of the cerebro- 
spinal system extend from end to end of the axone. For die axone 
first receives its sheath at some little distance from the cell from which 
it issues ; and at its termination, where it breaks up into branching 
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fibrils, the myelin envelope ceases. Throughout the course of the 
nerve, however, the myelin sheiith is present in the cerebro-spinal 
nerves, forming a protecting envelope and probably .acting as an insu- 
lating imd nutrient substanw as well. 

There is, thirdly, the sheath of Schwanq — a connective-tissue mem- 
brane surrounding the myelin sheath. (Fig. 9.) This, like the last, 
develops in segments which become cemented to one another at the 
points of constriction of the fibre ; but finally the continuity between 
adjacent segments becomes complete, so that in an adult fibre the 

Fio. 12. 
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sheath is continuous over the node of Ilanvier, and here the sheath of 
Schwann is the only covering of the axis cylinder. Ou tlie inner side 
of this sheath, and half-way between two nodes, a nucleus is found. 
The sheath of Schwann extends almost to the terminal filaments of the 
axone, covering them for a little distance after tliey have lost the 
myelin sheath. By appropriate staining fine lines may be shown piss- 
ing between the outer and inner layers of protoplasm tlirongh the 
myelin sheath ; the so-called incisures of Schmitt-I^ntermann. These 
have been considered little trabecul® of tlie protoplasm within the seg- 
ment, in the midst of which the myelin lies. Kecent staining methods 
seem to indicate that they belong to the sheatli of Schwann and are 
connective tissue. The layer of protoplasm lying against the axis 
cylinder is the layer which was formerly described as the sheath of 
Mauthner. Some authorities consider that a layer of connective tissue 
similar to the sheath of Schwann surrounds the axis cylinder, but this 
is still uncert a in. Two views of its relations are shown in Fig. 11. 

Thus the nerve fibre consists of a central conducting strand sur- 
rounded and insulated by a series of cylinders placed end to end and 
joined to one another. 
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Ner7e8.->-^ Itidividiid nerve fibres are assookted in bundles held 
tc^ther by finer bcumeotive-tissae cells whose nuclei in a carmine or 
fbchsin-^ained preparation can be seen lying always adjacent to, but 
outside of, the sheath of Schwann. This has been called the endo- 
neurium, while the connective-tissue sheath surrounding the entire 
bundle is named the perineurium. The connective' tissue holding 
numerous bundles t(^tW is called the epineurium, and this forms the 
firm, glistmiing sheath of the nerve. Capillary vessels with free anasto- 
moses run within the nerve, their walls lying adjacent to the individual 
fibres, and thus affording a perfect nutrition. Lymph spaces also have 
been demonstrated within the nerve sheath, but not among the fibres. 
That the interfibrillaty spaces of the endoneurium, however, open into 
these perivascular lymph spaces is probable from the tact that they do 
so in other oi^ns. While it is evident that the nutrition of the axis 
cylinder is derived from the circulatoiy fluids, it is probable tliat it is 
only at the nodes of Banvier that the absorption takes place, since 
elsewhere the myelin sheath interferes with osmosis. Thus, if the 
nerve be put in nitrate of silver, it is only opposite the nodes that the 
axis cylinder becomes stained. There is no histological difference be- 
tween motor and sensory nerve .fibres. 

8TMPTOM8 OF DISEASES OF THE inSBVES. 

? PartesiheBia. — A very slight pressure upon a nerve, of short dura- 
tion, may cause disagreeable tingling and numbness of the skin, which 
is felt in the distribution of the sensory filaments of the nerve. This 
is an experience common to everyone when from pressure on tlie sciatic 
nerve the foot is said to be asleep. Such sensations of numbness often 
occur in the arm and hand, or 'in tlie foot and leg at night during sleep 
and wake the patient, who may be alarmed, and from a recurrence of 
the symptoms, anticipate pai^ysis, especially if the numb sensation 
is temporarily attended by awkwartl movements or by a feeling of 
weakness. Inasmuch as Ae relief of the pressure is followed by a 
rapid recovery from the symptoms such sensations are of no importance. 
They are due to a slight impairment of nutrition in the nerve probably 
consequent upon a venous congestion, for a similar set of sensations can 
be caused by tying a string tightly about the finger or wrist and caus- 
ing a stasis of venous blood. Some arsons seem to be especially sub- 
ject to such symptoms. Such a condition does not ordinarily amount 
to a neuritis, but if it is long continued it may produce it, as is seen in 
cases of musculospird. palsy from sleeping on the arm in a state of 
intoxication. 

A slight general numbness of all the fingers in both hands, and even 
of the hands and wrists as well, occamonally occurs in attacks of short 
duration or may .beciome permmient. This is noticed chiefly in women 
whose hands^ttnviknstantly immersed’ in hot water, or who use the 
'Aands cou^nuou^y |bfr houira in any employment. It has been called 
It k due to a s%ht impairment of nutrition in the 
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The Distribution of Sensory Nerves in the Skin. (After Flower.) 

The areas of the skin supplied by the cutaneous nerves arc shown dn finely dotted 
outline. The circles on the trunk show areas occasionally anajsthetic in hysteria. The 
lines across the limbs at ankle, knee and thigh, wrist, elbow and shoulder show the upper 
limits of antesthesia in multiple neuritis of varying degrees of severity. 
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nerves, and if the motor as well as the sensory nerves are affected it is 
^attended by a sense of weakness and lack of skill. Disturbances of 
oironlation are sometimes the cause, as in numbness from pressure. 
These symptoms are variable in duration and may continue if the cause 
is not removed ; but they never go on to any serious disease, and hence 
are of little importance. Rest from work and massage are the best 
remedies. 

Pain. — The effect of an injury or wound of a nerve or plexus of 
nerves is immediate pain at the point of injury, pain or disagreeable sen- 
sations, such as numbness or prickling, referr^ to the regions from which 
the sensory filaments in the injured nerve' come, anaesthesia in this 
region to all forms of sensation, of temporary or permanent duration, 
occasionally attended by trophic disturbances, and paralysis of the 
muscles to which the motor filaments in the injured nerve pass. The 
paralysis is soon followed by a loss of faradic contractility in the muscle 
and by a loss of its mechanical excitability to percussion, and later by 
a progressive atrophy of tiie muscle. 

At the point of injury to the nerve the symptoms vary. They differ 
when the skin is unbroken, when the nerve is exposed to the air, and 
when the wound is infected. In tlie first case, while there may be 
slight tenderness to pressure there may be no spontaneous pain. Thus 
in a case of bilateral ulnar paralysis from pressure exerted on tlie 
nerves of the arms during a long sui^ical operation, where the arms 
hung over the sides of the operating table for an hour and their weight 
against the sharp edge caused the injury, the pitient had no pain at 
all and no tenderness at the point of injury. In the common form of 
injury to the musculospiral nerve from pressure on the arm by tlie 
head during the heavy sleep of intoxication, the patient wakes with 
wrist-drop, but has no pain. In facial palsy there is rarely pain 
behind the ear. Thus where the injury is pnalueed by long-continued 
slow pressure sufficient to destroy the nutrition of a nerve tliere may 
be no pain. On the other hand, pressure on a nerve by a tumor or 
pressure by a pregnant utems on the lumbar and sacral plexus may 
give rise to severe pain, both local and distal. If the nerve is lacer- 
ated suddenly, as by a strain or a blow or by a fracture of a bone tear- 
ing it, there is always severe pain at the point of injury, and this pain 
is usually much increased if the nerve is exposed to the air in an open 
wound. In these cases also the subsequent connective-tissue growth 
and thickening about the wounded ends is tender and may csiuse great 
pain, the finer filaments becoming entangled in the scar tissue. 

The pain after injury is often felt not only at tlie point of injury, 
but distally in the entire peripheral distribution of the nerve. Thus in 
i case of ulnar nerve iujuty occurring with a fracture at the elbow 
there was pain of an agonizing kind in the inner condyle of the 
humerus and also severe shooting pains down the inner side of the 
forearm and into the hand and little and ring fingers ; these pains grew 
worse for several days and continued for many weeks, with intense 
tenderness in the entire ulnar nerve distribution, any touch in this 
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region causing agony. Ulcerations of the skin of the fingers and hand 
occurred later and the skin became glossy. This condition remained, 
stationary until Ky operation at the elbow the nerve was released from 
a mass of callus, and thus was freed from pressure, when all the symp> 
toms gradually subsided and recovery ensued. 

The pain and tenderness caused by an injury of a nerve are not 
always limited to the distribution of that nerve, as one would expect. 
Thus in a case where a perforating wound of the sole of the foot 
had left a small piece of rubber shoe embedded in the fiesh the orig- 
inal injury was slight, the wound healed, and for a long time no 
inconvenience was felt; but four years later pain and tenderness 
began again in the scar and extended up tlie leg and thigh until the 
entire limb became painful, hypersensitive, and useless from tiie 
intense tenderness, and even the lower spine was sensitive and pain- 
ful. These symptoms all subsided rapidly when, by operation, the 
piece of rubber was removed. It was found to be surrounded by a 
little mesh of fine nerve filaments holding it like a basket. The rapid 
recovery showed that there was no true ascending neuritis, as had b^n 
supposed. In such cases tlie continued local pain caustis a hypersen- 
sitive state of the central organ by a summation of impi'essions, and 
this shows itself by a general pain. In many cases of nenritis of one 
cord of the brachial plexus tlie pain in the entire arm renders it use- 
less. The pain in neuritis is increased by pressure upon the aflected 
nerve. It is also intensified by motion of the limb, especially if tliis 
causes a stretching of the nerve. 

Anaesthesia. — The anaesthesia following injury of nerves is more 
pronounced and extensive immediately after the injury than it is later. 
There appear to be fine anastomoses of the sensory filaments of nerves 
in the skin, and thus sensations ordinarily conveyed by one nerve may, 
if that nerve be injured, pass by adjacent nerves. Such anastomoses 
seem to be more complete in some individuals tlian in others, hence 
in two patients with similar injuries the anaesthesia may be different 
in extent. Thus after injuiy of the musculospiral nerve it is very 
common to find sensation in the back of the hand near the thumb 
perfectly restored within a week, while the wrist-drop may last some 
months. After a division of tlie median nerve above the wrist I have 
seen the anaesthesia progressively diminisli in the hand long before the 
union of the ends of the severed nerve had restored the muscular power 
in the flexors of the fingers. After excision of one branch of the tri- 
geminal nerve for neuralgia, sensation returns in the face in a consider- 
able part of the region which is anaesthetic immediately after the oper- 
ation ; but a small area of anaesthesia is usually left as a permanent 
result of injury to any sensory nerve, and this includes analgesia and 
thermo-anaesthesia. A loss of.muscular sense rarely, if ever, follows a 
nerve injury. This is because many different sensations combine to 
produce this sense, deep and supei^cial perves from muscles, liga- 
ments, and articular surfaces all conveying impressions which are 
codrdinated in the spinal cord before being sent up to the brain and 
appreciated as muscular sense. 
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Head ^ explains this in an interesting manner. He believes that nerves 
contain different systems of fibres, some transmittiug^sensations of pain 
and of extremes of temperature which he terms protopathic sensations, 
others transmitting sensations of touch and of slight temperature which 
he terms epicritic sensations. He has shown that after an injury of a 
nerve the distribution of these different forms of anaesthesia varies 
somewhat and that during recovery protopatliic sensations return before 
epicridc sensations. The unit of protopathic supply lies in the ix)s- 
terior roots, but of epicritic supply in the peripheral nerves. The 
more nearly a peripheral nerve represents the supply of one posterior 
nerve root the more definite will be the border of the analgesia ; the 
more the representation of posterior nerve roots in a nerve the less 
definite will be die protopadiic symptoms. He believes that the sensi- 
bility of deep parts, of joints and muscles is transmitted by the sensory 
filaments in motor nerves. 

As regeneration occure in the injured nerve sensations gradually 
return in the previously insensitive region, but at first all sensations 
are attended by an abnormal sense of tingling or numbness which is 
disagreeable. This tingling or numbness is offen perceived during the 
entire course of the disease. It is then due to irritation in the central 
end of die injured nerve, the pathological irritation being referred 
erroneously to the region whence the irritated filaments come. Such 
numbness may be attended by pain of a sharp, shooting character, and 
in some sensory nerves, notably the trigeminal and sciatic, this pain 
may be the must important symptom of neuritis from pressure. Thus 
in a case of osteosarcoma of the pelvis, sciadc neuralgia, supposedly 
functional, preceded for seven months all other symptoms. In a case 
of osteoma of the skull near the optic chiasm trigeminal neuralgia 
preceded by one year the optic atrophy and other symptoms. When 
septic infection occurs in die injured nerve this pain is more intense 
than under other circumstances, and it is then always attended by a 
state of hypemlgesia in the affected area. Such a state is known as 
anaesthesia dolorosa, for pain is caused by any touch in the sensitive 
r^on, even though the touch itself is not perceived. 

Trophic Duturbances in the ansesthetic region occur more commonly 
m septic cases, but they may develop in any case. They are usually 
prod uced by neglected injuries of the insensidve region, which become 
infected, a slight pin prick or a scratch being capable of originating a 
serious trouble if not disinfected at once. Pain is nature’s means of 
protection in health, giving warning of injuries or diseases and leading 
to their care ; but from insensitive regions no warnings can come, and 
^o protection is therefore given. But this is not a sufficient explana- 
tion for the occurrence of such trophic symptoms as arise in neuritis, 
either traumatic or spontaneous. We see peculiar bulbous enipdons, 
herpes, acne or eczema, extraordinary vasomotor conditions, with alter- 
nate flushing and pallor of the skin attended by intense heat and cold, 
a dryness and thinning of the skin, with a peculiar, smooth, shining 

' Brain, Part II., 1005. Also Na 121, lOOS. 
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aiir^noe tem^ skin, nnvanal Bwealiiig, ttiiioh mi^ Be add 
^d, or hatdenii^ and thickening of the i^dn, or abncnrmal growth 
hkir, or &llin|^ of the hair; a defedive or irr^pdar growth of the 
:iudh^ which may be rid^, carved, and tnarked with white plaque in 
tihe regiob sapplied by>£e affected nerve. rarely acute gangrene 

has bran ob^rved, (hiefly in old persons. The occurrence of diese 
^mptoms has given rise to the hypothesis of trophic nerves, whose 
iunodon is to regulate nutrition and repair and whose injury results in 
{moesses of disease in the derma and id adnexa. Such trophic symp- 
toms develop only when the nerve injured is a sensory nerve. The 
tiK^hio disturbances seen in cases of locomotor ataxia and. syringo- 
myelia are evidence that central as well as peripheral lesions may be 
attended by such i^mptoms ; biit even in these diseases it is the sen- 
floiy portion of the nervous qrstem to which the pathological change is 
limitra. The true explanation of trophic changes is to be found not 
in the hypothesis of an injnry to trophic nerves, but in the fact that 
ordinary sensory impressions are interrupted or perverted, and nature, 
lacking ite accustom^ guide to repair and misled by abnormal impres- 
sions,* produces effects which are needless under the circumstances or 
ffdls to produce those which ordinarily would be required. Thus, an 
increased secretion of sweat may be a natural thing under a certain 
condition — e. g., heat — when unnatural it may result from a series 
of abnormal sensations of pathological origin, being received by the 
central organs which are incapable of distinguishing natural from arti- 
ficial impulses. A bed-sore is usually produced by pressure or irrita- 
tion of the skin, not perceived, and so not remov^ or repaired. If, 
by extraneous care, such pressure and irritation are avoided, as in 
h^th would occur by change of position and care of the skin, bed- 
sores may be entirely prevented. In a patient of my own, sufiering 
from transverse myelitis with pronounc^ tendency to bed-sores, the 
simple expedient of turning him every half hour day and night and 
wiping off the skin lightly, each time tmt he was turned prevented for 
four years the development of any skin abrasion. I have never seen 
trophic skin affections occur in the course of neuritis when the parte, 
were properly protected from injury, and dight injuries were antisepti- 
cally treated. 

It must be stated, however, that other theories than the one here 
offe^ have been advanced to account for the trophid symptoms in 
. neuritis. They are ascribed to vaaomotor dMurbaru». 

Vasomotor Symptoms.— Some authors believe that in the course 
pf neuritis the vasomotor nerves are diseased and that their lesion 
results in an irregulaiity of blood supply to the part concerned. .This 
irregularity consists pf an active hypersemia, as is proven by^experi<i;^- 
mental section of the sympathetic nerve to a rabbit’s ear, whioh 
causes extreme, dihl^tiba of the vessels and a rise of temperature > 
the part; but jt has never been demonstrated that a mbre condi- , 
pf congestion goes on te a condition of inflamination unless '; 
s, chiefly septio or microbic, enter as a fhotor. Furtiteiy 
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more, it is veil known that the bloodve^ls are under the control 
of vasomotor ganglia in their walls, which r^ulate their calibre even 
after division of &e fibres which connect these gan^iawith tiie spinal 
cord. Thus, after division of the sympathetic in die ear of a rabbit, the 
congestion gradually subsides in the ear and the temperature becomes 
nomal. Mother argument against the vasomotor origin of trophic 
disturbances is derived from the study of cases of erythromelalgia* 
This is an afiection first described by Weir Mitchell, characterized by 
a dilatation of the arteries in the extremities resulting in an extreme 
condition of redness and sensation of heat and pain. It is an affec- 
tion of the hands and feet and occasionally involves the arms to the 
elbows, and the legs to the knees. After hours of extreme heat and 
flushing the extremiti^ may suddenly become cold, pale, or blue and 
shrivelled up, presenting the appearance that the hands present after 
long soaking in hot water, and this alternation of distention and con- 
traction of the bloodvessels constitutes the symptomatology of the dis- 
ease. It appears to be a pure vasomotor neurosis, but it is rarely, if 
ever, attended by any trophic, disturbances of the skin or of the nails, 
such as occur in neuritis, and no pathological observations are at hand 
to establish the hypothesis that there is a true neuritis of the vaso- 
motor nerves. For this reason the theory of the vasomotor origin of 
trophic affections appears to be incredible. Head affirms that trophic 
disturbances occur only when the protopatliic system of nerves is in- 
volved and this accords with the theory I have already advajiced. 

Paralysis. — The paralysis which results from traumatic neuritis is 
limited to the muscles supplied by the injured nerve, and is total only 
in those muscles which have no collateral nerve supply. It is a flaccid 
palsy, and if it results in any stiffness of joints or limbs or deformity 
soon after the injury, this is due to contraction in the healthy unopposed 
muscles and not to contracture in the paralyzed ones. After a long- 
continued paralysis, however, attended by atrophy, a shortening of the 
weak muscle may occur. Thus, in cases of facial palsy which do not 
recover, a contracture is not very rare, causing stiffness of the face. 
In such paralyzed muscles no mechanical or reflex motion is possible. 
Percussion of the muscle or of its tendon, tlierefore, fails to produce 
any response. 

Electrical Changes. — Electrical changes, soon develop in the mus- 
cles paralyzed, usually within four or five days of the time of injury. 
These are of several kinds and are known as the reaction of degenera- 
tion, partial or complete. In health a muscle may be made to contract 
by sending a galvanic or faradio current through its nerve, or by 
applying either current directly to the muscle. In neuritis the nerve 
*b^me8 inexcitable to any form of electricity and the muscle shows 
changes in its excitability. A number of different conditions have 
been observed. Sometimes there is a simple diminution of excita- 
bility, and then a very strong faradio or galvanic current is needed to 
produce contractions. Frequently all faradic excitability is lost, and 
&en the mu«:les react to a galvanic current only. They may be at 
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firat hypersensitive to galvanic stimuli, but later it may require a very 
strong galvanic current to produce contraction. The contraction is 
rarely quick, as in health. It is sluggish and vermiform. In some 
cases the normal polar reaction is found, and the closure of the nega- 
tive pole applied to the muscle produces stronger contractions than 
the closure of the positive pole. This is termed a partial reaction 
of degeneration. In many cases the contraction of the muscle when 
stimulated witli the positive pole is greater than when stimulated 
with the negative pole. This is termed a complete reaction of 
degeneration. A loss of farudic irritability and a marked decrease 
in the galvanic irritability of the muscle are, therefore, important 
symptoms of neuritis. As the disease goes on to recovery a gradual 
increase in the galvanic irritability occurs — a fact which is often 
of much aid in prognosis if careful measurements of the strength 
of the current used be made by the galvanometer. It is possi- 
ble to record such measurements upon charts, and thus to obtein an 
electric curve for each muscle which is paralyzed.* These curves 
enable one to judge of the progress of the case veiy accurately, and 
when the line is advancing steiKlily toward the normal point, after a 
great deflection or after a stationary level, tlie prognosis is favorable. 

It is to be remembered, however, that voluntary power always re- 
turns some time before electric reactions become normal. 

The extent of the paralysis in any case is determined by the distri- 
butiou of tlie nerve affect^. Thus in facial palsy all the muscles of 
the face except the orbicularis oris are paralyzed. In musculospiral 
paralysis the extensors of the wrist and fingers are totally paralyzed 
and the supinator longus is partially paralyzed. In peroneal paralysis 
the muscles which abduct and lift the foot are useless. The muscles 
supplied by the various nerves of the brachial, lumbar and sacral 
plexuses are shown in Plates V. and VI., on |)ages 40 and 42. 
From an examination of any patient it is easy to determine what 
muscles are paralyzed. Comparison of the facts elicited with these 
plates will enable one to reach a conclusion as to which nerve or nerves 
or plexus is affected. But if the extent of the paralysis cannot be ex- 
plained by the lesion of one or more nerves, it is probable that the 
paralysis is of spinal rather than nerve origin. 

The duration of the paralysis depends wholly on the question of the 
possibility and time of regeneration of the nerve. In case a nerve is 
divided and at once reunit^ tliis paralysis may disappear in a couple 
of weeks. In an ordinary traumatic case or after inf^nunation, as in 
facial palsy, six weeks may be tlie limit In other cases a long time, 
six or eight months, elapses before the paralysis passes off. The further 
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Areas of Anasthesia upon the Body after Lesions in the Various 
Segmeius of the Spinal Cord. ^ 

The segments of the cord are numbered : C 1 to VIII, D I to XU, L I to V, S 1 to 5. 
and these numbers are placed on the region of the skin supplied by the sensory nerves of 
the corresponding segment. 
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the injury from the end of the nervey the longer the time to recovery — 
a fact which gives support to the hypothesis of Ranvier that the new 
nerve must grow out from the central end at the point of injury and 
find its way down the old sheath to the muscle. In musculospiml 
paralysis from pressure over the humerus seven months is tlie average 
duration to recovery. In case, however, some obstruction to repair 
exists tlie paralysis is permanent. Hence scar tissue which prevents 
the new filaments from developing must often be removed in order to 
effect a cure. 

Spasm of the muscles supplied by the injured nerve occasionally 
occurs, but is a rare symptom. It is usually a reflex phenomenon due 
to sensory irritation and not to any pressure on the motor nerve. In 
a gunshot injury of the ulnar nerve cramps in the hand and extensors 
of the wrist have been noticed (Raymond). In the so-called occupa- 
tion neuroses which some authors ascribe to neuritis, such cramps are 
common, but in ordinary cases of neuritis they do not occur. 

While the statements of the symptoms occurring in neuritis thus fur 
made are generally true, it is found that neuritis in different nerves 
produces diverse symptoms, hence a special consideration of neuritis of 
the different nerves is necessary. See Section II. 

Diagnosis. — The diagnosis of neuritis usually presents no diffi- 
culty. The limitation of the pain, aneesthesia, and paralysis to the 
distribution of a single nerve, and the tenderness at some point along 
its course are characteristic of the affection at tlie onset, and within a 
week of the beginning the development of the reaction of degeneration 
in the muscles supplied by the nerve affecttid makes the diagnosis com- 
plete. In Plate IV. the area of the skin related to each nerve is 
shown. If a neuritis is present the pain parsesthesia and anaesthesia 
are limited to that part of the skin wfiich corresponds to the affected 
nerve. If Plate IV. be compared with Plate VII. it will be evident 
that the area of skin related to each nerve is very different from 
the area of skin related to each spinal segment. If in any case 
of pain, parsesthesia or anscsthesia the distribution of these in the skin 
is rather that of spinal than of nerve relation, the dii^nosis will be of 
spinal rather than of nerve disease. 

On page 64 the grouping of the paralyzed muscles in spinal lesions 
is given. This may be contrasted with the grouping indicated as 
characteristic of nerve lesions in Plates V. and VI. on pages 40 and 
42. The exact determination of the extent of the paralysis will 
enable one to reach a conclusion as to whether it is due to nerve or to 
spinal lesion. Thus if all the small muscles of the hand are paralyzed 
and atrophied it will be much more likely that the lesion is in the first 
dorsal segment of the cord than in the ulnar and median nerves ; and 
if the long flexors of the fingers escape it will be evident that the 
median nerve is not affected ; hence the lesion most be spinal. 



CHAPTER IV. 

THE SPINAL COED. 

THE DIAGNOSIS AND LOCALIZATION OF SPINAL-OOBD 

DISEASES. 

The spinal cord is a long cylindrical organ extending from the 
medulla oblongata at the base of the brain downward tbrough the 
vertebrae to the level of the second lumbar spine. It is surrounded 
by two membranes — the pia mater, which contains its numerous 
bloodvessels, and the dura mater, which acts as a thick protecting 
sheath, and which lies against the bony walls without being closely 
adherent to them. From the sides of the spinal cord the spinal nerves 
come out in pairs, each nerve having two roots — an anterior root, 
which issues from the antero-lateral groove, and a posterior root, 
which enters the postero-lateral groove. On each posterior root lies 
an oval body — the posterior spinal ganglion — which contains the 
sensory neurone bodies. The cord has two enlargements, the cervical 
and lumbar, opposite to the exit of the nerves to the extremities. It 
is made up of thirty-one segments, each segment consisting of a mass 
of gray matter connected with a pair of spinal nerves whim pass to a 
definite region of the body ; a^d each segment is joined to tlie others 
and also to the brain by means of nerve tracts running through the 
various columns which surround the gray matter of the segment. 

The spinal cord is an organ that has two distinct functions : namely, 
(1^ die function of controlling directly the various parts of the body 
with which it is joined by means of its pairs of nerves ; and (2) the 
function of conducting impulses to and from the brain. In consider- 
ing, therefore, the functions of the cord and the symptoms that arise 
from disturbrace of these functions, it is necessary to understand not 
only the function of each spinal segment so far as its motor mechan- 
isms, its sensory connections, its vasomotor and trophic functions, and 
the distribution of its particular pair of spinal nerves, are concerned, 
but also the functions of the columns of the cord that pass through 
the particular s^ment: concerned, and that transmit motor impul^s 
downward from the brain and sensory impulses upward towaiti the 
brain. 

In this chapter each symptom that may present itself in Any case 
of spinal-cord disease will be considered, and these symptoms, one by 
one, will be referred to the anatomical^ structure whose function is im- 
jpaired, and thus it will he posrible to determine what the pathological 
simpoirt of each symptom may be. This will demonstrate how re^ly 
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The Spinal Cord, its Nerves and Arteries. (Adamkiewicz.) 

.8. Basilar. V. Vertebral. Vc. Yertebro-ecrcl>cHar. V«a. Vertebro-spinaliH anterior. Sa. Spinalis 
anterior. M. Maftna*i*{>inalis. /c. First cer>'ical nerve. V$p. Veriebro-spinalis|>osterior. Sp. Spinalis 
posterior. Rg. Fourth ventricle. 
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the looaluBtion of spinal affections 
nia 7 be determined, and from this 
locmization and the combination of 
the symptoms it will be easily pos- 
sible to arrive at a diagnosis of any 
frrm of spinal-cord disease. 

SymptomSr— The symptoms of 
spinal-cord disease are paralysis, 
changes in reflex activity, distiirbwce 
in the control of the sphincters, alter- 
ations of gait and of posture, defects 
of sensation, ataxia, pain, and trophic 
disorders. 

Paralysis is a condition of weak- 
ness or total loss of power in a 
muscle. It may be limited to a 
single muscle, it may affect a group 
of muscles, or it may affect a limb 
in its entire muscular apparatus. 
Paralysis may be due to an interfer- 
ence with the transmission of volun- 
tary impulses from the motor centrtis 
of the brain to the motor cells (neu- 
rones) of the spinal cord, which im- 
pulses pass iu the motor tracts of tlie 
spinal cord — viz., in the lateral pyra- 
midal and anterior median columns. 
Paralysis may also be caused by a 
destruction of the motor neurones 
situated in the anterior gray horns of 
tlie spinal cord, whose axis-cylinder 
processes (axones) pass directly to the 
muscles through the anterior nerve 
roots and the motor nerves of the 
body. There are, therefore, two forms 
of spinal paralysis, quite clearly dis- 


Dlig’nm of the iplnal coid, ahowlng the motor 
meehanlRne. Py, lateral pyramidal column; AM, 
anterior median column tnnamltting voluntary im- 
pulMS trom the right pyramid of the medulla to the 
motor odla of the anterior horns of Uie cord, whence 
lAitor nerres Issue in the motor root (m) ; S, sensory 
nerve sending its Sbres into the posterior horn and 
into the toot rone of the column of Burdach {B), 
whence fibres pass forward to reach the commissural 
cells (e) and the assodatlon cella (a), and the motor 
cells (m). These form the motor mechanism of refiez 
and automatic acta. . L, fibres of limiting layer, consist- 
ing of association neurones between various levels of 
tlM ootd, being brandies of the ceils (a). 


Pte. 18. 
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tinct from one another according as the lesion affects the first (cortico- 
spinal) or tlie second (spinomuscular) parts of the motor mechanism. 

The diagram (Fig. 13) shows these two parts of the motor mechan- 
ism. The motor neurones of the brain send their axones downward 
through the pyramids of the medulla, where a partial decussation 
takes place, the majority of the axones from one pyramid crossing into 
the opposite lateral pyramidal tract of the cord (Fig. 13, Py), and the 
remainder passing directly into the anterior median column. (Fig. 
13, AM.) As these axones pass downward they terminate at various 
levels in the anterior gray honis of the spinal cord, their terminations 
taking the form of fine brush-like expansions which surround the 
motor neurones of the cord (see page 24), each filament coming into 
contact with the protoplasmic processes (dendrites) of those neurones, 
but not being continuous with those dendrites. As these motor axones 
pass downward to their termination they give off small fine branches 
(collaterals) at right angles to their course, and these collaterals ter- 
minate in the' same manner iu brushes around the motor neurones of 
the cortl. Thus a voluntary impulse starting from a motor neurone 
of the brain may reach several motor neurones of the cord. As the 
motor tract passes downward through the cord it becomes smaller and 
smaller, but few fibres remaining in the anterior median column below 
tlie dorsal region, while some fibres of tlie lateral pyramidal tract 
extend to the veiy last segment of the (jord. 

This motor tract is much more highly developed in those animals 
which make use of the digits of their extremities. Thus in elephants 
the pyramidal tract is small, while in man it is most highly develope<l 
and large. Hence, it is evident that this tract transmits those volun- 
tary impulses which are concerned in tlie finely adjusted movements 
of volition. 

Each axonc in this tract being a process of a motor neurone of the 
cerebral cortex, is dependent upon d)at neurone for its nutrition. If 
the (»)rticai neurones are destroyed or if tlie axone is separated at any 
point in its course from its neurone, it degenerates to its terminal 
brush. Hence a degeneration of the motor tracts of the cord may be 
due to disease iu the brain, as in hemiplegia, as may be due to any 
transverse lesion of the cord which separates the axones from their 
neurones. The following figures (14 to 17) of specimens demonstrate 
descending degeneration of the motor tracts in the cord. Figs. .14 
and 15 sliow descending degeneration consequent upon hemiplegia of 
slight and of severe type, the anterior m^ian column on the side 
of the brain lesion and the lateral pyramidal tract upon the other side 
being degenerated. Figs. 16 and 17 show descending degeneration in 
both lateral pyramidal and anterior median columns consequent upon 
a transverse myelitis located at some distance above the level from 
which the section is taken. 

Paralysis of the cortico-spinal type,. ^ which is always due to a 
idisease in this first element of the motor mechanism, has the follow- 
ing characteristics' The muscles paralyzed are partially and not 
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Section of (he splnnl cord, at the sixth ccrrtcal segment, showing dcseending dcgcucratlon in the 
left lateral iiyramidal and the right anterior median columns, alter a small lesion In the motor tract oC 
the right cerabral hemisphere. 


Fi«. 16. 



Section of the spinal cord, at the fifth eerrieal segment, showing descending degeneration In the 
kft anterior median and right lateral pynunidal tract, after extensive lesions In the left cerebral hemi- 
qihere. There is slight degeneration in the kfl pyramidal tract and In the posterior colnmna. 
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Section of the spinal cord (somewhat distorted) In lower cerricul region, showing bllaletnl descend- 
ing degeneration In both anterior median and lateral pf ntmidal tracts. ' This section demonstrates the 
anequal slse of corresponding columns on the two sides of the spinal cord. When the anterior median 
column is large In extent the opiiosltc pyramidal tract is correspondingly small. Integrity of the 
direct cerebellar columns is evident. 

Fl«. 17. 



' i SgeUon-of the spinal cord at the .third lumbar segment, showing descending degeneration in both 
/Istonl pyramidal tracts. A. few Abtes are degenerated In the anterior median columns. At this lev^ 
th«i»an no direct oeiebenar columns. 


PLATE IX 



The Cervical and Sacral Enlargements of the Spinal Cord in Cross-section. 

(Starr.) 

Showing the various neurons in the gray matter, the direction of their axons, and the 
varieties of fibers in the different coiumns of the cord. Blue, motor neurons : red, sensory 
neurons ; purple, association neurons and axons. 

I. Ant. median column. II. .Aiitcrolnlernl column. III. (iowers' .mtcitiltilenil a.seenilinK roliiiiin. 
IV. MarRiiial column. V. IJiteral pyramidiil column. VI. IHrccI cercliclini' column. \ll. Ms-iaucr’a 
tract. VIJI. |.',xt. iMirtion of column of llunlacli. IX. IticU zone of the t'oliirfiri of lUinltielt. X. 
lV»ccndina comma-zlinped bundle of Scliulfze. .\l. I’onl. emnmlsHunil tract. XII. Colittuti of (ioll. 
XIII. Septontartcittal tract. 
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absolutely paralyzed. All tiie muscles of the limb affected are 
about equally involved; the limb is stiff, its joints being moveci 
with difficulty and slowly on account of Ae rigid condition of the 
muscles. The muscles are thus in a state of slight tonic contraction 
and are hypersensitive to mechanical irritation, so that tapping a 
muscle produces a quick contraction, and tapping its tendon causes 
a prompt response. The muscles show no tendency to atrophy, 
though from disuse they may gradually become somewhat toin. 
They are never flabby; their nutrition is good; there is no change 
in their electric excitability. In tliis form of paralysis the circu- 
lation of the limb is sometimes impaired. There is slight blueness 
and coldness in the extremity and a tendency to oedema. Sensory 
disturbances do not necessarily attend this form of paralysis, and, 
if they arc present, are an indication of disease elsewhere tlian in the 
motor tract. 

This tyjKJ of paralysis is seen after all forms of cerebral disease, and 
then usually affects the arm and leg upon one side (hemiplegia). It is 
also seen in both lower limbs after a transverse lesion of the coitl, such 
as may be produced by Pott’s disease, by transverse myelitis, by soften- 
ing from thrombosis, by hemorrhage, or by tumors of tlie spinal cord. 
If Uiis transverse lesion is in the cervical region, the arms are also in- 
volved. It is also seen in primary lateral sclerosis and in syphilitic 
paraplegia, in which conditions it is limited to the legs. 

The second or spinomuscular type of paralysis has an entirely dif- 
ferent set of characteristics. The muscles affected are usually entirely 
paralyzed at the outset, and if they recover at all, recover slowly and 
imperfectly. While all the muscles of the limb may be affected, as a 
rule they are not ; a few muscles here and there upon tlie limb being 
greatly paralyzed, while others retain their power ; or if all the mus- 
cles are paralyzed at first, some will retjover to a greater extent than 
others. The limb is never stiff, but hangs helpless, yielding to the 
force of gravitation, its joints being relaxefl and the articular surfaces 
no longer being held in close approximation by the tonic contraction 
of the muscles ; hence these joints are all more freely movable than in 
health. The muscles arc relaxed and flabby. They do not respond 
to mechanical irritation by tapping with a hammer, and tapping tlieir 
tendons does not cause contraction ; the so-enlled tendon reflex is lost. 
The muscles atrophy very soon after they are first afl'ected, and this 
atrophy may go on rapidly until but little of the muscile is left. There 
is an early appearance of the reaction of degeneration in the muscle ; that 
is, it no longer responds when either far^ic or galvanic excitation is 
passed through its nerve, and it no longer responds when faradism is 
applied direefty to it. The circulation in the limb is always impaired 
in this form of paralysis. The vessels are relaxed, the blood pressure 
is decreased, there is a slow capillary circulation, the limb is blue and 
cold, and all the chemical processes seem to be delayed ; hence the 
sur&oe temperature is much colder than in the first type of paralysis. 
Soon after the onset the limb is likely to be covered with clammy per- 
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spiration, and later on, when this is no longer present, it is very diffi- 
cult to heat it up to the temperature of the other side. Sensory dis- 
turbances do not necessarily attend this form of paralysis. 

This type of paralysis is due to a lesion of motor cells in the anterior 
gray horns of the cord (Fig. 13, m) or to an affection of the nerve 
trunks containing the axones of these motor neurones. It occurs in 
in&ntile spinal paralysis or anterior poliomyelitis, acute or chronic ; in 
amyotrophic lateral sclerosis ; in myelitis, either localized in a few seg- 
ments or extensive tliroughout the cord ; in syringomyelia when the 
lesion invades the anterior horns ; in tumors and hemorrhages within 
the cord j and in softening of the cord due to embolism or thrombosis. 
This type is also present in neuritis. 

The reason for these characteristics of this second type of paralysis 
will be better understood if the anatomical structure of the second part 
of the motor tract is considered. The motor neurones of tlie cord, as 
already stated, lie in the anterior part of the gray matter. These 
motor neurones are not scattered irregularly through its gray matter, 


Fig. la 



'fbe groups of cells In the spinal cord at the flOh cervical segment. 


but are collected into groups, the larger number of groups lying in the 
cervical and lumbar enlargements. The number of these groups varies 
..greatly in different segments of the'tiord, as is shown in Figs. 18 to 
20, and the groups have a varying extent longitudinally, so that while 
some groups are limited to a single segment, others extend through 
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several segments. Each group of neurones controls a single muscle or 
group of muscles which act simultaneously and in, harmony. The 
fund^ental movements of flexion and extension of tlie larger muscles 
of the limbs are represented in the large groups of tlic median, anterior, 
and lateral parts of the anterior horn. Tlie accessory movements of 
the fingers and toes whicli ai'e jieculiar to monkeys and to man arc 
represented in the smaller groups lying nearer the central portion of 


Fig. 19. 



The grouixi of cells In the anterior horn of the spinal cord at the seventh cervical segment. 


the gray matter. In Figs. 1 8 to 22 groups of cells at different levels 
of the cord are shown and it will be seen that they differ in their situ- 
ation and extent at different levels.^ A careful study of comparative 
anatomy and of the lesions occurring in anterior poliomyelitis, in which 
disease single groups of cells arc affected, has enabled us to determine 
the exact level in the cord of the various groups of cells rapresonting 
the various muscles of the bo<ly. These are shown in Table I., which 
gives each segment of the cervical, lumbar, and sacral regions, with a 
list of i the muscles represented in each segment. It will Ije noticed 
that some muscles are represented in two or even three segments, while 
other muscles are represented in but one. It is evident, thenffore, 
that if the lesion in the cord is limited to one segment, it will paralyzc 
completely two or three muscles which are represented by motor neu- 
rones in that segment only, and it will paralyze partially other mus(3les 
which are representefl not only in that s^ment, but also in adjacent 
segments. Hence the apparent irregular distribution and degree of 
the paralysis in various muscles upon the limb in cases of infantile 
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Tabt^g I . — Showing the Munches Represented in Groups of Cells in the Various 
, Segments of the Spiwd Cord. 


n., nr. 

Cervical. 


Diaphragm, 

Stcnin- 

ma.<itoid. 

Traiicaiua. 

ScalcDua. 


IV. 

Cervical. 

V. 

Cervical. 

VI. 

OervicBl. 

vir. 

CerricaL 

VIII. 

Cervical. 

I. 

Dorsal. 

Hiaphragiu. 

Khombeid. 
8upni» and 
fnfniapin. 
Deltoid. 
Supin. long. 
Biceps. 

Bhombold. 
Supra* and 
Infraspln. 
Deltoid. 
Supiii. long. 
Bleeps. 

Bupin. brcT. 
^rratus ni^ 
Pcct. (clav.). 
Teres minor. 

Biccpii. 

Serratns mag, 
Pcct. (clav.;. 
Proostura. 
Triceps. 
Urach. ant. 
l/>ng extcD- 
son of wrist. 

Pronators. 

Triceps. 

Brach. ant. 

Long extcD* 
Bors of wrist 
and Angers. 

Pciit. (costal). 

Ijitla. dorsi. 

Teres majttr. 

Idong Aexors 
of wrist and 
Ungers. 

Tx>Qg Aexors 
of wrist and 
Angers. 

Kxtensor of 
thuiiih. 

Intrinsio 
nniselcs of 
bunds. 

Extensor of 
thutrib. 
lutrinsio 
muscles of 
hands. 


I. Lumbar. 

1 11. Lumbar. 

1 

IIL Lumbar. 

IV, liUmbar. 

V. Lumbar. 

Qundr. lumb, 
Obllqui. 
Transvenialls. 
Psoas. 

Iliacus. 

Psoas. 

Iliacus. 

Hartorius. 

Quwl. ext. cruris. 

Quad, ext, cruris. 

(ibturator. 

Adductorcs, 

1 

Obturator. 

Adductorcs. 

Glutei. 

Glutei, 

Bicein femoris. 

Scmf-U'iid. 

Popliteus. 


L Sacral. • II. Sacral, 

III. Sacral. 

IV. and V. Sacral. 

BIcrra femor. ! 

Seini-mcmb, ! 

Ext, long, dig, 1 

Uasime. : Gastroc. 

Tibialis post. ; Tibialis post. 

1 Tibialis aniicus. 

1 Peronol. 

1 lutrinslo muscles of foot 

1 

Peronoi. 

Intrinsic muscles of foot 

Sphincter anl et vesloai. 
Perineal muscles. 


Certain special foi-ms of the second type of paralysis are quite com- 
monly recognized. Thus we have in anterior poliomyelitis the upper- 
arm type of paralysis, in which the deltoid, biceps, supinator longus, 
and muscles about tire shoulder-bhide are affected tc^ther, the muscles 
•moving the wrist and fingers escaping. Beference to the table will 
show that this form is due to a lesion in the upper part of the cervical 
ehlrrrgemcnt. We also have a lower-arm tyjK: of jaralysis, in which 
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the mnsclcs which move the fingers and wrist are alone invaded, the 
supinator longus, which lies among them, escaping^ entirely, liefer- 
ence to the table will show that tliis is due to a lesion of the lower cer- 
vical enlargement. The same distinction can be made in paralysis of 


Fio. 20. 



The groups of cells Id the third Inmhiir segment at the spinal coid. 


the leg, there being a thigh tyjje, a log typo, and a foot ty|)e, according 
as the lesion is in the upjier lumbar, midlumbar, and sacral segments. 
By reference to the table, therefore, it will Ixt possible in any case of 
paralysis of the second type to arrive at a localization of the lesion or at 
an estimate of its extent in the cord when the muscles paralyzed arc 
exactly determined. The electrical examination will aasist in this de- 
termination, inasmuch as the muscles whose groups of cells are de- 
stroyed will have lost their faradic exttitability, while the muscles 
whose groups of cells are intact will show no change in electrical 
reactions. 

That the motor neurones of the cord have a distinct influence ujwn 
the nutrition of the muscle and upon the circulation in it, is shown 
by the rapid atrophy and the vasomotor disturbances in the muscle 
which also attend this type of paralysis, and to which allusion has 
already been made. 

It has already been stat^ that this type of paralysis may be due 
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to a lesion in the axones arising from the motor neurones of the cord. 
It is to be remer^bered, however, that after their exit from the ct>rd 
these axones are divided up into nerves, being distributed in various 
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Columns of gray matter and motor nuclei of the cervical enlargement. Coinmna medlalls— 1. a, 
short rotators of head ; M. subhyoid muscles ; b, e, d, e, /, extensors and rotators of the vertebral 
column. 2. Nucleus diaiihraginatis (the series of sympathetic nuclei composed of small cells have nut 
been drawn in) ; they are situated behind tho colomna medialis near the coinmna canalis centralis. 
Columns intenuedloJatcrails— 8. a, accessorius }r. trapcslus and M. sternoclcldomastoidens ; b, e, 
plexus cervlealis ; Mm, trapezius stemocleldomastoideus ; d, e, middio portion of M. trapezius ; /, in- 
ferior part of M. trapezius ; e, beginning of tho nucleus for the M. latlsslmus dorst. Columiia oxtremi- 
tatis suporlorls — 3. Mm. pecturales; 4. b, M. levator scapulx ; e, M. serratus mgfur; 6. Muscles of the 
shoulder ; 7. c, H. bleeps ; lower down supinators and extensors of tho flugers ; between d and e, flexors 
and pronators ; e, thenar and hypothenar muscles ; /, hypothenar muscles ; 5. d, M. triceps braebli ; e, 
ancouena (After F. Sane, Les localizations des fonctions matrices do la mocllo Cpinlhro, Anvers, 
Belgique, 1898, p. 32.) 


directions through the brachial and lumbar and sacral plexuses. A 
differential diagnosis can always be made between lesions of the spinal 
cord and lesions of the nerve trunks by the distribution of the par- 
alysis ; for the muscles which are paralyzed together from a lesion of 
a single nerve are different from the muscles jiaralyzed together from 
a lesion of the spinal cord. Thus the deltoid is often paralyzed from 
a lesion of the circumflex nerve alone, but is never paralyzed alone 
from a lesion of the cord. Thus the extensors of the wrist, together 
with 'the supinator lougus, are paralyzed in lesions of the musculo- 
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spiral nerve; bnt, as already stated, these muscles are never paralyzed 
leather in small lesions of the spinal cord, their gropps of cells lying 
far apart. And vdhat is true of the nerves of the brachial plexus is 
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Columns of KOty matter and motor nuclei of the lumbar cnlai^oment. Columns medlalis — 1. g, h, 
i, extensor and rotator muscles of tbc spine, j, k, musculus isctiioeocoygcns and M, levator ani ; 2. k. 
In front M, sphincter reslcalis ; behind M, sphincter anl ; tho sympathetio nuclei are not figured 
for the visceral muscles. Columna intermedioJateralis — 8. g, abdominal muscles; k, M, cremaster; 
y, k, muscles of the perineum. Columns oxtremitatls inferlorls— 2. i, M. pyrainidales ; 3. A, M, ilio- 
psoas ; <, Mm. glutei ; J, Mm. gemclll, M. py riformls ; 4. M. quadricein femoris ; 5. M. pectoneus ; 
Mm. sdductores; 6. i, flexors of the kneo; lower down M. popliteus, M. triceps Buno,y; 7. A, M. 
tibialis antiens ; i, extensor muscles of the toes, Mm. peroncl ; lower down M. tibialis posticus ; flexors 
of the toes ; y, k, Intrinsic muscles of the foot. (After F. Sano, Les localisations des functions motrices 
de la moelle epiniice, Anvers, Belgique, 1898, p. 3.8.) 

also true of the nerves going to the lower extremity. Hence, while 
the cliaracteristics of paralysi.s in lesions of the spinal cord and of the 
motor nerve trunks are tlie same, the association of paralyzed muscles 
with one another in the two conditions differs. A further point of 
differentiation is also found in tlie distribution of aniesthcsia occurring 
with lesions of the nerve trunks, amesthesia being frequently present 
in lesions of the nerve trunks and not necessarily present in lesions of 
the motor neurones of the coni. Furthermore, when it is present 
from a lesion of the cord, as will be shown later, the distribution of 
the aneesthesia in the skin differs entirely from the distribution of 
ansesthesia after a lesion of the nerve. 

It ik thus possible, from a study of paralysis and of its e.ssential 
characteristics and distribution in any case, to reach a diagno.si8 and a 
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localization of the lesion and to differentiate between lesions of the 
motor tracts of the cord or of the motor neurones of the cord or of the 
nerve trunks.^ 

There are cases, however, of general disease of the cord, such as a 
general myelitis, involving both the white tracts and the gray matter, 
in which a third ty^je of pamlysis is observed. This presents some 
of the characteristics of both the former types, and, were the diagnosis 
to rest U)x>n the examination of the paralysis alone it might present 
certain difficulties. Fortunately, there are otlier symptoms always 
present to guide us iu the diagnosis ; for in a general inflammation of 
the cord the changes in reflex action and in the control of the bladder 
and rectum, and the tendency to very severe trophic disturlmnccs, are 
so marked as to leave no doubt regarding the actual condition. In 
this third tyi)e of spinal paralysis tlie pamlysis resembles more closely 
the second type than it does tlie first, there being the same total par- 
alysis, the same atrophy, and the same rtiaction of degenemtion in the 
paralyzed muscles j but the distribution of the paralysis is more exten- 
sive — is, in fact, frequently total in both logs and almost complete in 
both arms, and, although there is no rigidity of the limbs, tlusre is 
sometimes an increase in the reflex activity and in the mechanical ex- 
citability of the muscles in the early stages though later they are lost. 
This is particularly noticed in the disease amyotrophic lateral sclerosis 
in which both the lateral tracts and the anterior horns are simultane- 
ously progressively destroyed. In this disease the first ty|)o of par- 
alysis is present in the kgs for several mouths, and the second type is 
present in tlie arms, assocuated with an increased mechanical excita- 
bility of the muscles, but finally tliis is lost, and the arms present the 
typical second type, which gradually and finally extends also to the legs. 

In cases of injury of the spinal cord by fractures and disloc;ations of 
the vertebra, the spinal cord may be seriously bruised or it may be 
absolutely disintegrated. The symptoms of paralysis appear to differ 
somewhat in these two conditions, as has been shown by Thorburn * 
and by Kocher.® When tlie spinal cord is injured, but not destroyed, 
there is total paralysis Ixilow the level of the injury, with a exmdition 
of rigidity of the limbs and an increase of tendon reflexes. There is 
also a loss of control of the bladder, which may take the form either 
of retention of urine or of spontaneous evacuation of the bladder. 
There is likely to be some distention of the abdomen by gas, due to a 
paralysis of the intestinal wall. 

When the spinal cord is absolutely divided or destroyed at any level, 
tliere is total paralysis below this level, the limbs being completely re- 
laxed and not in a state of rigidity. The paralysis is symmetrical 
uimn the two sides. The tendou refllexes are absolutely lost. There 

• The view of Tjapinsky (Deut. Zeitachr. f. Nervenh., July, 1904), that each group of 
spinal cells represents a functional coordinated action land not a special muscle or group 
of muscles, is contradicted by tlie phenomena of infantile spinal ^alysis. 

* A Contribution to the Suxge^ of the Spinal Cord, Philadelphia, 1893. 

'“Die Verlctzungen der'Wirbelsaule, zugleich als Beitm^ zur Htysiolo^ie dee 
MenschNchen Btickenmarkes,” Mittheilungen aue den Qrouzgebieten der Medizm und 
Chirurgie, Jena, 1896, vol. i., pp. 401-460. 
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is always a retention of mine, which has to be relieved by catheter ; 
there is tympanites with distention of the abdomen ^ there is a paral- 
ysis of the vasoconstrictors leading to a dilatation of the subcutaneous 
veins, and consequently to an increase*! temperature, and to priapism. 
There is an increa.se in the genital reflex, obtained by pinching tlie 
testicle. There is a loss of sensibility to pain and temperature, and 
usually to touch also, at a definite level of the surface, as shown in 
Plate VII. (See page 44.) In any case in which tliese characteristics 
are ab.sent after an injury of the spine, it is certiun that the cord has 
not Iwjen completdy destroyed at the level of the lesion. 

Spasmodic Contractions of the Muscles of an involuntary kind arc 
as.sociated with paralysis in msiny fbrnjs of spiual-C(jrd disease. Like 
the paralysis, they can be divided into two categories. Wiien tiie 
condition present is spastic paralysis and tiie muscles ai’o rigid and re- 
flexes exaggerate*!, patients often notice a spontaneous trembling of 
the entire limb, due to alternate contracition of the two stits of oiquising 
muscles. This is usually attended by an extensor spasm, so tliat the 
legs are stiffened and shake more or less violently. The condition is 
occasionally so extreme as to warrant the term “spinal epilepsy,” first 
applied to it by Jirown-Sfnjuard, although this term is niislc>ading and 
should bt! discarded. This symptom is seen in lateral B«-lerosia from 
any cause, and is indicative of a le.sion in the lateral <!olumns of the 
cord. Wlien it is present the lesion does not involve the spinomuscu- 
lar element of the motor tract. 

Fibrillary twitchings of the muscles are much less painful than 
spasm of the entire muscle, but give considerable dis<!omfort. Sucli 
fibrillary twitchings are prestmt in disciises of the anterior horns of tlie 
cord, especially in chronic anterior poliomyelitis and in syringomyelia. 
Individual fibres of the muscles alternately contract, producing a little 
wave-like movement which go<!S on in the muscle itself. This docs 
not involve a sufficient number of the muscle fibres to prcsluce any 
contraction of the muscle as a whole. Smdi fibrillary twitchings can 
be clicittKi by percussion of the muscle or by exposure of the limb to 
cold. They always indicate a disciise in the motor cells controlling 
the muscle, as they are absent in all forms of mu-scular dystrophy in 
which the disease is exclusively a muscular affecition ; hence such fibril- 
lary twitchings are always associated with the second type of paralysis. 
They occasionally accompany the tliird type of paralysis, in which the 
motor cells are also affected. 

Disturbance of Beflex Action is a symptom of great importance in 
spinal-cord diseases, the increase in reflex activity or the suspension 
of reflex activity being both of grant significance. The diagram (Fig. 
13) shows the anatomical basis of a simple reflex act. Whatever 
theory may l)e held with regard to the exact nature of the tendon re- 
flexes, whether they are due to pure mechanical irritation of the fibres 
of the muscle, whose tone is maintained by spinal impulses, or whether 
they are due to a transmission of impulses through the spinal cord, the 
facts here stated hold true. 

A reflex act is the immediate result of a sensory impression received 
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in the spinal cord, and it takes place without necessarily producing any 
conscious perception and without any voluntary guidance. The sen- 
sory nerve entera the spinal cord through the posterior nerve root and 
divides into two parts, which separate in a Y-shaped division, one 
branch passing upward and the other downward in the root zone or 
column of Burdach (see Fig. 13, B). As these branches pass up and 
down they give off at right angles to their course small twigs (collat- 
erals), and these crdlaterals, as well as the terminal filaments of the 
branches, terminate in brush-like expansions in the gray matter of the 
cord at various levels. Thus a sensory impulse entering in a posterior 
nerve is distributed to a considerable extent of the gray matter of the 
cord. Some of the terminal filaments pass forward to end about the 
motor neurones of the anterior horn of the same side upon whi<!h they 
enter ; others pa,s8 forward and cross through the posterior commissure 
to terminate about the motor neurones in tlic anterior horn of the oppo- 
site side j these subserve reflex motor acts. Others terminate about 
the laige cells in the median gray matter, which are the intrinsic or 
association cells of the cord, and transmit the impulses to other levels 
where they reach other motor cells (Fig. 13, a ) ; others end about cells 
Avhose function is to control vasomotor and trophic reflex acts. Thus 
a single sensory impulse entering the cord may be widely distributed 
and awaken many reflex acts. Impulses entering the cord through 
the sensory nerve, and thus reaching various mechanisms of the cord, 
set up an activity in the various cells presiding over these mechanisms, 
and hence motor impulses pass outwat^ to the muscles or to the viscera 
and result in their contraction, and hence in motion. The number of 
these reflex acts constantly going on in the body is enormous. In fact, 
in many of the lower animals the spinal cord is so much more develojjed 
than the brain, that it is evident that almost the entire nervous mcichan- 
ism acts without conscious perception or voluntary control. The' 
whole regulation of nutrition, of circulation, of digestion, of reproduc- 
tion, and of excretion is regulated by the spinal tjoixl independently 
of the brain. This is proven by the fact that in man, when conscious- 
ness is suspendeAl in sleep, in coma, or by extensive injuries of the 
brain cortex, as in paresis and senile dementia, these vegefaitive func- 
tions go on in a normal manner. And it is well known that infants 
born with defective brains, or with almost no brain at all, may live 
for several months. 

While the majority of these reflex acts are known to have mechan- 
isms in the coni, there are only a few reflexes that are recognized and 
that can be tested in health and disease. These reflex acts are, first, 
the temlon reflexes; second, the skin reflexes; third, the automatic 
functions of the bladder and rectum. 

(a) Tendon reflexes are produced by tapping the tendon of a muscle 
near its insertion and thus pnxlucing a sudden contraction of the 
muscle. Thus the tendons about the wrist and elbow, the patella 
tendon at the knee, and the Achilles tendon at the ankle can be 
excitetl in a state of health. We now know the exact level in the 
spinal cord that contains the reflex mechanism necessary to the exist- 
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€nce of these various reflex acts. In Table II. the various spinal 
muscular reflexes are given, the method of producing the reflex, and 
the level of the segment controlling each. 


Table ll,—IjoeaMmtion of Museular Itejtex Ada in the Spincd Cord. 


Keflex acts. 


Localization in segment. 


Pupillar)' reflex through the sympathetic ; Dil- 
atation of the pupil produced by irritation of 
the neck. 

Scapular reflex : Irritation of the skin over the 
scapula produces contraction of the scapular 
muscles. 

Biceps and supinator longus : Tapping their 
tendons produces flexion of the forearm. 

Triceps reflex : Tapping tendon produces ex- 
tension of foreami. 

Scapulohumeral reflex : Tapping the inner lower 
edge of the scapula causes adduction of the 
arm. 


Tapping extensor tendons at the wrist causes ex- 
teasion of the hand. 

Tapping flexor tendons at the wrist causes flexion 
of the hand. 


Palmar reflex : Stroking palm causes closure of 
fingers ; finger clonus. 

Abdominal reflex ; Stroking side of abdomen 
causes retraction. 

Genital reflex; Squeezing the testicle causes 
contraction of the abdominal muscles. 

Patella tendon : Striking tendon at knee causes 
extension of the leg ; “knee-jerk.” 

Achilles tendon reflex : Tapping the Achilles 
tendon causes flexion of ankle. 

Foot clonus : Extension of Achilles tendon 
causes flexion of the ankle. 

Plantar reflex : Tickling sole of foot causes 
flexion of the toes. 

Babinski’s reflex : Scratching sole of foot causes 
extension of great toe and flexion of the 
others. 

Mendel’s reflex : Tapping the tendons of the 
toes causes flexion or extension of the toes. 


Fourth cervical to first dorsal. 

Fifth cervical to fimt dorsal. 

Fifth and sixth cervical. 

Sixth cervical. 

Seventh cerviail. 

Sixth to eighth cervical. 
Seventh to eighth cervical. 
Eighth cervical to first dorsal. 
Ninth to twelfth dorsal. 

First to third lumbar. 

Second and third lumbar. 

First to third sacral. 

First to third sacral. 

First to third sacral. 


In the process of disease these reflex acts may be lost or they may 
be exaggerated. 

Loss of Tendon Beflexes. — A loss of the reflex implies a lesion in 
the reflex mechanism, either in the sensory nerve which would neces- 
sarily result in a coincident condition of anaesthesia, or in the sensory 
reflex fibres within the cord, which might give rise to this symptom 
alone, or in a destruction of the motor mechanism, which would give 
rise to a coincident condition of paralysis. If, therefore, by the dis- 
tribution of the aneesthesia or of the paralysis it is possible to exclude 
in any case a lesion of the nerve trunk, the loss of reflex necessarily 
implies a lesion of the spinal cord. This lesion will necessarily be 
limited to the s^ment controlling a reflex tested. Therefore, in the 
examination of any case of spinal disease, it is incumbent to try each 
of the reflexes in turn, and, if any one of them is lost, to direct partic- 
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ular care to the examination of the other functions of the segment of 
the cord in wltich. the lesion is indicated. The diseases in which the 
reflex activities arc susixjuded are locomotor ataxia from the very 
earliest stage, and also those cases of general paresis in which there is 
an early complicating sclerosis of the posterior columns of tlie cord ; 
syringomyelia, anterior poliomyelitis, general myelitis in the later 
stages, transverse myelitis at the level of the lesion, disseminated 
sclerosis when the patch of sclerotic tissue happens to lie in the reflex 
arc, tumors and hemorrhage in tlic cord at tlie site of tlie lesion. It 
is evident that a loss of tendon reflexes is a common accompaniment 
of the second type of paralysis. 

An Exaggeration of the Tendon Beflexes is also frequently observed 
as a symptom of spinal disease. This implies a suspension of the inhib- 
itory impulses coming from the brain in a state of health, which im- 
pulses pass downward through the lateral columns in the motor tracts. 
The inhibition being removed, tlie spinal cord reacts more quickly and 
intensely to sensory impulses coming into it from witliout. In tliis 
condition a phenomenon known as clonus may lie elicited in almost any 
one of the tendons of the longer muscles. Clonus consists of a rapidly 
repeated series of contractions in a muscle set up by a sudden over- 
extension of the tendon of that muscle. Tims if the patient’s leg be 
allowed to rest u[Km the left hand of the examiner, and the right hand 
grasping the foot presses it suddenly backward, thus extending the 
Achilles tendon, if ankle clonus is present a series of vibrations of the 
foot will be produced, due to a repeated contraction of tlie muscles of 
the calf of the leg. A similar clonus may be elicited in the quiulriceps 
femoris by a forcible pressure downward upon the patella tendon when 
the limb is relaxed and extended. A similar elonus may occasionally 
lie elicited in the tendons of the elbow, of the wrist, and of the fingers. 

A symptom known as Babiuski’s reflex is usually to be elicited 
when the tendon reflexes are exaggcrateil, and is a positive sign of some 
disease in the lateral column of the cord or in the motor tract. This 
is a sudden extension of the great toe, proiluced by scratching the sole 
of the foot, due to a contraction of the extensor muscle, which stands 
out like a cord. It does not occur in hysteria, in which other reflexes 
may lie inereased ; hence it is a valuable diagnostic symptom. 

Dcfsp prcssure of the calf muscles will produce extension of the toes 
in cases where the tendon reflexes are’ exaggerated. This has been 
called the Gordon reflex afiter its discoverer.* 

Stroking hard the outer side of tlie leg near tlie tibia sometimes 
causes a contraction of the tibialis anticus muscle and retraction of the 
toe. This has been termed Oppenheim’s reflex. It can be found 
where the tendon reflexes are exaggerated. 

The existence of clonus, like that of exaf^rated reflexes, is an fndi- 
catiou of disturbance of function in the lateral columns of tlie spinal 
cord, and is, therefore, commonly associated with the first type of 
spinal paralysis. It is also an early indication of any pathological 
process which interferes with the transmission of motor impulses fhim 
’ Jonr. Nerv. and Ment. Dis.; Feb., 190S. 



THE DIAGNOSIS OF SPINAL-CORD DISEASES. 


63 


the brain to the cowl. Thus in the early stage of Pott’s disease, when 
slight pressure is made npon the cord or some distiirbapcc of the nutri- 
tion of the coni occurs opposite the caries, the reflexes are commonly 
exaggerated in the segments below. Exa^eration of the reflexes is 
present in lateral sclerosis, in descending degeneration of the lateral 
columns below the level of tlie lesion, in syphilitic paraplegia, and in 
the early stage of acute myelitis when the pathological process irritates 
the motor neurones before they are destroyed. It is j)articularly 
noticeable in the arms in amyotrophic lateral sclerosis in the early stage 
of the disease, but as the process advances reflexes are lost in the arms, 
while they continue to be exaggerated in the legs. An increase of 
tendon reflexes is not infrequently observed in hysteria. 

While it is true that a compression of tlic spinal cord of slight or 
intense degree, or a partial destruction of the spinal coni in its upj)er 
region, always produces an increase of the tendon reflexes in the parts 
below the lesion, it has been observed by Miles and Bastian tliat in 
some cases, where, by injury (fracture or dislocation of the vertebr®), 
the spinal cord has been entirely <iivided or so completely crushed that 
all ite elements have Ixjcn destroyed, the tendon reflexes Iwlow tlie 
point of destruction have been abolished. This is not thought to be 
due to the concussion of the coni consc(}ucnt upon the injury, jis it may 
persist for many weeks. It has been asesribed to a scitting up of ab- 
normal inhibitory impuls(;s from the point of destruction downwanl, 
due to the irritation of the lesion. This, however, is tiot acesepted by 
Bastian and no satisfiictory explanation of the (»)ndition can be offere<l. 
In any (sise of locsilixcd crush of tlie cord from an injury the absolute loss 
of tendon reflexes is thouglit to indicate a total destruction of the coni, 
and in such a case any operation at the site of injury would be futile. 

(A) The skin reflexes are not as well understood as the tendon re- 
flexes. When certain amis of the skin an; slightly stroked or tiitkled, 
there occurs a slight movement of the skin at a part not under the 
point of irritation, but near to it, which seems to be due to the con- 
traction of involuntary muscular fillers lying -under the skin. These 
skin reflexes are best seen in animals, esjiccially horn® and cows, for 
the sting of a fly is capible of setting up a little fibrillary twitching in 
the skin of their bodies at almost any part. The following table (III.) 
gives a list of the skin reflexes found in man, the metluMl of their pro- 
duction, and the level of the spinal cortl that is supposed to control 
them, tliough it is not certain that they are under tlie control of a dinnst 
spinal mechanism : 

Table III. — Localmtlim of Skin ReJUxea in the Spinal Cord. 

Beilex acts. Localization in segment. 

Epigastric reflex : Stroking breast causes dim- Seventh to ninth dorsal. 
pUng of the epigastrium. 

Cremasteric reflex : Stroking inner side of thigh First and second lumbar, 
causes retraction of scrotum. 

Gluteal reflex : Stroking buttock causes dim- Fourth to fifth lumbar. 
pUng in the fold. 



64 


THE SPINAL COED. 


The skin reflexes are usually lost in those diseases in which the ten- 
don reflexes are .exaggerated. They are also lost in brain diseases, but 
never in hysteria. They are never exaggerated. 

The Reflex Mechanisms Controlling the Bladder and Rectum are 
complex and are located in the fourth and fifth sacral segments of the 
spinal cord.* The sensory impulses setting up this mechanism come 
from the mucous membrane of the bladder or of the rectum, and, pass- 
ing inward to the cord, produce two sepsirate effecits : one is the active 
motor impulse of contraction in the muscles which empty these organs ; 
the other is an inhibitory impulse arresting the action of those muscles 
which normally exert a constriction at the opening of these organs. 
Such evacuation of their contents by a rtiflex act may occur without 
the knowledge of the individual or without his control when disease 
cuts off the lower part of the cord from its communication with the 
brain, as in a transverse myelitis of the dorsal region. We then have 
a condition known as active incontinence, in which the organs are 
emptied siwntancously at intervals in a normal manner. The mech- 
anism itself, however, may lie destroyed by any lesion of the sacral 
region of the spinal cord. Under these circumstances, the reflex arc 
being broken and the motor cells controlling muscular action being 
destroyed, the organs are no longer evacuated by reflex impulses, and 
their evacuation lias to be attained by outside aid. In some indi- 
viduals a distention of the bladder finally overcomes a constrictive 
action of the sphincters, and then there is a constant leakage, produc- 
ing a passive incontinence of urine, but the rectum shows no tendency 
to empty itself. In some individuals the constrictive action of the 
sphincters seems to be unusually strong, add occasionally a distention 
will lead to a rupture of the bladder rather than to its evacuation by 
water pressure. Sometimes there is a permanent Aveakness of the 
sphincter and a constant dribbling of urine without any distention of 
the bladder. 

Disturbances in the action of the bladder and rectum constitute the 
chief sources of danger in spinal-cwd disease, for a retention of urine 
is liable to set up catarrhal conditions, and, finally cystitis, and the 
evacuation by means of a catheter is liable to lead to the infection of 
the bladder by germs unless the catheter is absolutely aseptic. Such 
a cystitis when once set up very often leads to pyelitis, nephritis, and 
deitth ; hence the greatest care is to be taken of the bladder in spinal- 
cord disease. The evacuation of the rectum must also be carefully 
attended to, even though this involves its emptying by digital manipu- 
lation, as is commonly ,the case. Disturbance in the action of the 
bladder and rectum occurs in almost all forms of spinal-cord disease, 
and, therefore, is not diagnostic of any one special pathological lesion 
or of its location. It rarely occurs in hysteria, though retention is 
occasionally pre.sent. 

The Gait in Spinal' Disease. — In various forms of spinal-cord dis- 
'enscs the position and gait aasumed involuntarily by the patient in 
^walking are abnormal. In diseases which produce the first type of 

* • Van Gehiicliten. Le Nevraxe, 1902, vol. iv., p. 119. 
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paralysis — e.g., lateral sclerosis — the gait is a stiff one j the hips and 
knees are held rigid and adducted, so that in walking the knees ap- 
pear to touch or even to overlap, and the feet are not lifted from the 
door, and hence are dragged or arc pulled forward with effort, tlie 
great toe scraping the floor. At the same time the tendency to ankle 
clonus frequently leads to trepidation of the entire body from the 
shaking of the foot These patients cannot step out freely, and hence 
their steps are very short, but quite regular in leugtli. They rise from 
a chair or sit down slowly, there being an apjmrent resistance to the 
flexion and extension of the joints. Their motions are not awkward 
and can be guided accurately. This has l)een named the spastic gait 

In diseases involving the lumbar enlargement of the cord and affect- 
ing the gray matter alone or the entire cord, and producing the second 
type of paralysis, the gait is the paralytic gait As the muscles grow 
weaker the support of the joints becomes imperfect, so that the aid of 
canes and crutches is needed to support the hip, and tliere is a tendency 
for the knee to be overextended and for the ankle to turn. The par- 
alysis of the muscles of the tliigh makes the ordinary lifting of the 
feet from the floor impossible, and hence the leg is dragged along the 
floor, the inner side of tlie foot touching the floor, and the limb drag- 
ging rather loosely as it is pulled forwartl between the crutches. There 
is none of the stiffness of the spastic gait and none of the uncertainty 
of the ataxic gait. If the anterior tibial group of muscles is paralyzed 
completely, there will be a drop-foot, and if this precedes paralysis of 
the thigh or is alone present, then the patient in stepping forward lifts 
the leg higher than normally in order to avoid stubbing the toe. 
This has been termed the -stepping gait, as the patient has the ap{)ear- 
ance of stepping over an obstacle in his way or of raising his legs as 
if about to go up stairs. Such patients are soon unable to rise from a 
chair or to ascend steps. 

In jMJsterior sclerosis (locomotor ataxia) the gait is uncertain, tlie 
steps -being of irregular length, the patient not apjiearing to place the 
foot upon the ground in die position that he desires, and hence he 
loses his balance frequently and makes irregular efforts to preserve it. 
He risc'-s with difficulty from a chair, sprees his feet far ajiart, and 
sways for a moment after rising, in order to get his balance. As the 
disease advances the gait becomes more irreguhir, with a tendency to 
long steps, to too great lifting of the foot ftom the floor, too sudden 
and violent placing of the foot downward upon die floor, so that the 
gait has been called a stamping gait. The feet are uniformly placed 
too far apart, as the patient seeks a wide base of support. The irregu- 
larity of the gait is increased by an attempt to walk backward or to 
walk forward with the eyes clos^. This has been named the ataxic 
gait. 

Tha Position Assumed in Bed. — When the patient is conflned to his 
bed after an injury of the spinal cord, such as occurs from fractures 
and dislocations, the position assumed in bed differs according to die 
level of the injury. 

If the sacral segments are crushed, the patient is unable to move the 
6 
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feet anti ankles, and hence the feet lie in an extended position, assum- 
ing the position of drop-foot. The thighs and knees can be moved in 
this condition. 

If the lesion involves the lower half of the lumbar enlargement, the 
patient lies with the thighs drawn up, the legs flexed, and he is unable 
to straighten the legs voluntarily or to lift the feet. 

If the lesion involves the entire lumbar enlargement, the patient lies 
with the thiglis, legs, and feet extended, and cannot move them. 

If the lesion is in the dorsal region, the lower extremities are par- 
alyzed more or less completely, but tliere is no tendency to drop-foot, 
and the limbs offer some resistance to passive motion, the tendon re- 
flexes being exaggerated and tlie muscles somewhat rigid, unless there 
has been a total destruction of the cor<l, under which circumstances 
the muscles are relaxed and the tendon reflexes lost. 

If the lesion involves the first dorsal and last cervical segments the 
hands will be in a position of nmin m griffe, but the elbows and 
shoulders can be freely moved. 

If the seventh cervical segment is destroyed, the forearms are par- 
tially flexed and he upon the body with the hands pronated. Volun- 
tary movements of the wrist are impossible, but the elbow and shoulder 
can be movefl. 

If the lesion lies at the sixth cervical segment, the arms are abducted 
from the side, the forearms are supinated, wrists and fingers being par- 
alyzed. 

If the lesion is at the fifth segment, the arms lie extended and re- 
laxed at the side of the body, all motion being Impossible. 

These forced positions are assumed because of the fact that at any 
level of the csord the muscles controlled at and below the lesion will be 
paralyzed, and those controlled by the cells just above the lesion Avill 
lie actively contracted by the state of im'tation into which their motor 
centres are thrown, or if two centres of opposing action are irritated 
together, the stronger will overcome the weaker, and the resulting po- 


EXI’LANATION OF F1(3S. 23 AND 21, 

Fio. 23. — Diagram Bhowing loug Bcnaory fibres In the posterior columns of the cord ; 8^ iMtiisury 
nerves whoso fibres turn upward after eutcring the root zone. Bucccssive nerve root from l>elow 

upward presses the filires already suscending inward and backward, so that in the cervical region the 
fibn>s which have conic from the sacnil region He in' the column of <jo1] near to the posterior septum ; 
the fibres from the lumbar region lie in the column of <ioll cxtonial and niitcrlur to those fh>m the 
sacral region ; tlic fibrils from the dorsal region lie at the lateml part of the column of Goll ; and the 
fibres from the cervical region lie in the column of llurdach. This diagram also shows association 
neurones of the cord who^ axonc^ arc {Missing upward and downward in the marginal jiortion of the 
posterior column and in the lateral {L) and anbcro-latcral {AL) columns of the curd, with thin 
collaterals. 

Fin. 24. — Diagram showing the course of long sensory columns in the spinal cord: 5, sensory 
nerve roots whose fibres enter the root zoifo aud the gray matter. On the right side of the diagram 
these flhn*s termliiato about the cells of the column of Clarke (C), whence fibres puss into the right 
direct cerebellar column (/^C), and thus upward Ut the ocaMluni. tSensory fibres also terminate 
about the IntrinBie cells of the cord (a), whence fi>^res' cross to the opposite side and ascend In the 
' column of (lowers (f/). On the left side of the diagram setiBory fibres arc seen to terminate around 
Intrinsio cells of the gray matter whence fibres cross over to the opposite side of the cord and 
fasccndsin the antero-lateral column {AL), 
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Bition, once assumed, cannot l)e corrected voluntarily ; hence the fixed 
position once assumed is maintained. 

Disturbances of Sensation are important symptoms of spinal-cord 
disease. Any irritability of the sensory areas of the cord may lead to 
a hypersensitive condition of the skin, to the perception of ordinary 
impulses as extraordinary ones, and hence to the too keen appreciation 
of any sensation which may be started up. The irritation in the cord 
may be so great as to lead to hallucinations of sensation ; that is, to 
the perception of sensations in the skin which are set up in the cord 
and do not really come from the skin (similar in origin to the tingling 
felt in tlie little finger on compressing the ulnar nerve at the elbow). 
Hence in any disease of the corrl during the early stage of congestion, 
or in the irritation produced by beginning sclerosis, patients commonly 
complain of tingling and numbness, of sensations of burning or of 
cold, of sensations of jMiin, of fulness, of pressure, and of weight. 
These sensations are referred to the skin or to the limbs, and to par- 
ticular parts of the skin and limbs that correspond to the segment of 
the cord which is irritated. These sensations are classed together 
under the term “ parmsthesise.” 

Any destruction of the sensory areas of the cord will lead to a sus- 
pension of sensations which are classed together as ansesthesite. Sen- 
sations are of several kinds — namely, sensations of touch, the loss of 
which is tactile anassthesia ; sensations of pain, the loss of which is 
analgesia; s^sations of temperature, the loss of which is thermo- 
ansesthesia ; and sensations of muscular sense, the loss of which leads 
to imperfect codrdination or ataxia. As these sensations reach the 
spinal cord through the sensory nerve roots, any disease of those nerve 
roots affects uniformly all forms of sensibility. But the sensory nerve 
roots transmitting these sensations stsparate one from another after 
their entrance into the cord, and pursue different courses in their way 
upward to the brain. Henc* it is possible for one form of sensation 
to be lost while the others are preserved in diseases affecting different 
tracts in the spinal cord. Thus in diseases of the root zone of the 
column of Burdach, through which all sensations pass, we have anses- 
tliesia, analgesia, and ataxia. In diseases of the central gray matter 
of the cord we have analgesia and thermo-ansesthesia without anses- 
diesia or ataxia. In diseases of the posterior columns of the cord we 
may have ataxia alone or associated with ansesthesia. The course of 
these various impulses into the cord and upward through the cord is 
not as yet absolutely determined, but so far as it is known it is shown 
in the diagrams (Figs. 23, 24). 

The sensory fibres are the uxones of neurones situated in the pos- 
terior spinal ganglia, and if they are cut off from connections with 
these giinglia by any lesion of the nerve root or any lesion within the 
cord, they will degenerate from the point of lesion onward. A study 
of the degenerations following lesions of the nerve roots and following 
transverse lesions of tlie spinal cord has given us some knowledge of 
the course of the sensory tracts. 

The fibres of the posterior nerve root on entering the cord divide 
in a Y-shaped manner, one branch turning downwa^ and the other 
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upward. The branch which turns downward is short. It descends 
in the portion of the column of Burdach lying anteridr and external to 
the root zone, named the (somma-shaped column of Schultze, and ter- 
minates by sending its fibres (collatends) into the gray matter of the 
posterior horn. The special function of these fibres is unknown. The 
branches that turn up are of various lengths, and some fibres ascend 
all the way to the medulla ; these are the long sensory tracts. The 
great majority of the branches which turn upward terminate soon after 
their entrance into the cord in tlie segment into which they enter or in 
the segments just above it; these are the short sensory nerve fibres. 
They terminate in branches around the cells of the gray matter in the 
|)o8terior and anterior horns and in the central gray. A few of the 
fibres also turn upward in a small zone lying nejir to their entrance 
and between the tip of the posterior horn and tlie periphery of the 
cord known as Lis8auei’’s column. 

The course of the long sensory tracts is pretty well known, and is 
well illustrated in tlie figures hero given (Figs. 23 and 24). When a 
single nerve root is injured or destroyed the aresi of degemeration at its 
point of entrance into the cord is quite extensive, but at liigher levels 
in the cord the area of degeneration grows smaller, and at the juiKitiou 
of the cord with the medulla it is quite limited in extent. This is 
well illustrated in Figs. 25 to 27, which show the area of degeneration 
in a case of unilateral tumor involving the second and third lumbar 
nerve roots.* It will be seen that at the S(?cond lumbjy segment the 
entire nerve-iwt zone in the column of Burdach is degenerated. In 
the mid-dorsal region this degeneration is limited to a small strand in 
the column of Goll, and in tl»e cervical region to a small strand also 
in the <!olumn of Goll and near to the median line. This case con- 
firms the results of physiological experiments in which the posterior 
r(X)ts have been divided in monkeys.* Such a ease demonstrates that 
of the large number of nerve fibres entering in any one posterior nerve 
root, but a fisw extend all the way up to the medulla. If a scries of 
eases of transverse lesion of the coni is studied, the transverse lesion 
in different cases being situated at different levels, it is found that the 
ascending degeneration in the.se long fibres within the posterior col- 
umns of the cord varies in extent in different csises. The higher the 
transverse lesion the larger the area of degeneration pnxluced. This 
is demonstrated in Figs. 28 and 29, showing the area of ascending 
degeneration following a lesion of the lower lumbar region (Fig. 28), 
as contrasted with the area of degeneration following one in the upiKjr 
dorsal region (Fig. 29). A study of such cases has made it possible 
to determine the relative position in the columns of Goll and Burdach 
occupied by the long sensory fibres coming up from tlie various seg- 
ments below. This is shown in Fig. 23. While the lesion in the 
jmsterior root zone causes an ascending degeneration in the |)osterior 
columns only, it has been found that a transverse lesion of the cord 

' Case reported by Osier. Jonrn. Nerv. and Mcnt. Disease, 1889, p. 499. 

' BeitrSne zur Anatomie dea Centmlnerven-systeius insbesoiidere des Rttckenmarkea, 
Ton Prof. Dr. J. Singer und Dr. E. Munzer in Prag, Wien, 1890. 
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causes an ascending degeneration in the direct cerelicllar column, the 
antero-lateral ascending tmct, or column of Gowers, and many fibres 
of sliorter or longer extent in the column of Burdach and in the antero- 
lateral columns. As degeneration only occui’s in a fibre which is cut 


Fia. 25. 



Soctlons of the eplnnl corf lit the ccrelciil (Fig. 25), dorsal (Fig. 25), lumbar (Fig, 2p Icyds, show- 
lug aacendlog degeneration, unilateral, in the posterior column after a gumma Involrlng the second 
and thlid lumbar nerve roots. The relative extent of the degenerated fibres at the dIHbrent Icvola Is 


shown In the sections. 


off from its neurone, it is evident that the neurones of which these 
dcgcneratetl fibres are branches lie in the cord itself and not in the 
posterior spinal ganglia. It lias been stated already that tlie majority 
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of the fibres entering a jmterior root zone are sli<»rt fibres. These 
terminate in fine bnishes about the cells lying in the jwsterior gray 


Fio. 28, 



AKcndlng degeneration In the inid.dor«il region after tranareme mfclttia at the firat lumbar aog- 
menu Tlic degeneration afTMts the jioalcrlur median coliimiia, together with the poaterlor cuniiiiia. 
aural tracts, also the direct cerebellar column, the column of Gowers and many Abrea In the aniero* 
lateral columns. 


matter and median gmy matter of the spinal cord. Niimerons neu- 
rones He in these regions of the gray matter, and those neurones send 
out their axones into the lateral eolumus of the coni, where they turn 
upward towanl the medulla, forming the long anil short sensory eol- 
umns who.se existence is proven by the study of tlegencrations. Figs. 
23 and 24 show the situation of these cells in the posterior and median 
gniy matter of the cord with their axones pa.ssiug into the various 
columns. In I'ig. 23 it will be noticed that some cells send their 
fibi'es into the columns of the coihI on the side on which they lie. 
These are termed tautomere neurones. In Fig. 24 it will Ite seen that 
some cells send their fibres across the median line into the opposite col- 
umns of the cord. These are termetl heteroinere neurones. In both 
figures the numerous fibres from the sensory nerves entering the gray 
matter and terminating around these neurones are seen. It is thus 
evident that the course of the sensory impulses coming in through the 
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short sensory nerve fibres is very complex. And it is evident that 
while some sensory impulses piiss upward on the same side on which 
they enter, many sensory impulses are scut across the cord and pass 
up on tlie opposite side. 

Fw. 29. 



.Aacendini; degcncriitinn at the tint dorsal segment aOer transreiae lesion of the flah dorsal seg> 
ment. The asctmdlng degeneration ufTeets ail of the posterior eolnmus exeepting the root zone of the 
column of Burdach, Also the direct ccTcljellar columns and columns of Oowers, and many Ob^ in 
the antero-latcral columns. A few degenerated fibres are seen around the margin of the anterior 
median column. 


It has Ijeen ali’eady stated that sensations entering the cord are of 
various kinds. It is not yet possible to assign a special path to each 
of these various sensations, but it seems probable that the sensations of 
muscular sense pass upward in the long fibres of the posterior columns 
and in the direct cerebellar tract of the Siime side upon which they 
enter ; that the sensations of temjKiratnre and of piin pass in the short 
fibres to the central gray matter of the side on which they enter, are 
then taken up by new neurones which transmit them across the cord 
and upward in the antcro-lateral tract ; that the tactile impulses enter 
the posterior columns and also the gray matter of the cord, and are 
taken up by neurones, some’ of which send their fibres into the columns 
of the same side ; but the majority send their fibres aeross the median 
line into the antero-lateral columns of the opjiosite side. (Fig. 24, AL.) 
It can be positively stated that a condition of ataxia implies a lesion 
of the posterior column of the cord; that a condition of analge.sia and 
thermo-analgesia implies a lesion of the central gray matter and of the 
ascending antero-latcral fibres, and that a condition of tactile antes- 
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thcsia implies widespread degeneration in the antcro-lateral and pos- 
terior columns of the cord. 

In a unilateral lesion of the cord it is usually found that there are 
tactile aneesthesia, analgesia, thermo-analgesia in the side of the body 
opposite to the lesion, together with some hypenesthesia of all these 
sensations in the same side of the body as the lesion ; and it is from this 


Fio. 30. 



Ascendini! dCRencratinn at the fifth cenrieal segment after transverse myelitis at the eighth dorsal 
segincnt. The coliiniiis oC Oell, the iiust-camiiiissurul tracts, the external |iart of ttie column of Bur* 
daidi, the direct cetebellar column, the coluinn of Gowers, and some parts of the antero-laleral column 
ate degenerated. 

clinical fact that the conclusion is reachcfl that sensory impulses pass 
acro.ss the coiti and ascend in the columns of the opposite side. 

In syringtimyelia, in which the central gray matter of the cord alone 
is affected there is a loss of temperature and pain sense only. This 
occurs on the side of the lesion. It has been supposed until recently 
that these sensations were tmnsmitted upward in the column of Gowers, 
but recent researches prove that tliis column passes ti) the cerebellum. 

In locomotor ataxia, in which the lesion is limited to the posterior 
root zone, all the .sensations are more or less impaired, and there is sec- 
ondary degeneration ascending in tlie posterior columns only. In gen- 
eral myelitis all the sensory tracts are implicated, and here too all forms 
of sensation are impaired. 

In transverse lesions of the cord at any segment it is evident that 
the impulses reaching that segment from its own piir of nerves, and 
the impulses passing through that segment to and from the segments 
lielow it, will be cut off; hence after transverse lesions there is a con- 
dition of total anaesthesia in the body below the segment which is 
destroyed. If, therefore, a series of ca.ses is brought together of lesions 
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of the coptl iu every segment from tlie last sacral up to the upper 
eervical, aud if the area of aneesthesia in the body in each of these 
cases is accurately determined, it is evident that it will be jKissible to 
ascertain the exact region of the skin related to the individual segments 
of the spinal cord. In Plate VU. these areas are carefully laid down. 
It is evident, therefore, that in any case of spinal-cord disease it is 
necessary to test the sensations and to compare the area of ansesthesia 
with the diagram here given, and thus to determine the level of the 
spinal (sord affected. It is to be remembered, however, that the skin 
of the body is plentifully supplied with sensory nerves whieh anasto- 
mose freely at their terminations, aud the researches of Sherrington 
have demonstrated tliat each part of the skin is supplied with sensory 
nerves from two adjacent segments of the cord ; hence a condition of 
antesthesia in the skin indic-ates a suspension of function of two seg- 
ments of the (!ord at least, for if one segment alone were affected the 
segments above and below it would be csipable of supplying the skin 
with sensiition. Tliis conclusion, drawn by Sherrington from physio- 
logical experience, I have confirmed in a case of spinal disease in whicli 
it becjimc neccsssiry to divide completely the posterior nerve nwts at 
the sixth dorsal level. This division did not produce any aneesthesia 
around the body, because the fiflJi and seventli nerves supplied the 
skin of the trunk in the domain of the sixth nerve sufficiently to pre- 
vent auiestliesia. If, however, two adjacent nerves an* divided, a zone 
of ansesthesia is produced. The overlapping, tlicrcfore, of adjaetmt 
sensory areas is not to be forgotten in determining tlie level of the 
segment afflicted. Thus if in a case the areas of aneesthesia on the 
body correspond to the section shown in the diagram as belonging to 
tlie second, third, fourth, and fifth sacral segments of the cord, the 
lesion of the cord undoubtedly involves the first sacral segment also, 
but is certainly not any higher. 

The determination of the area of aneesthesia is of particular impor- 
tance in cases of compression of the cord by tumor or by dislocated or 
fractured vertebree, as it is the most jiositive indication of the exact 
level of the coni which is invaded by disease. Thus iu the cases in 
which tumors have been successfully removed from the cord the level 
of the ansesthesia has been the guiding symptom for the surgeon. In 
such cascis the normal anatomical relation between the segments of the 
spinal coni and the vertebras is not to Be forgotten. 

Small an'ius of anassthesia in the bofly corresponding in distribution 
to the diagnim, aud due to small localisMsi foci of disease in the spinal 
cord, are found chiefly in Syringomyelia, in hemorrhages in the cord, 
in small areas of softening in the cord, or in tumor of the cord. These 
lesions destroy the terminal filaments of two or three sensory nerves 
and <lo not inva«le the long tracts coming from the parts below the 
level of the lesion ; hence localized anffisthesia is indicative of a small 
limited lesion, not of general tmusverso diseases. Such small limited 
lesions are not very common. In all cases the anaesthetic area fades 
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gradually into the area of normal sensibility. In hysteria the lino of 
demarcation between sensitive and insensitive skin irf much sharper. 

The determination of the exact area of aneesthesia in any case is of 
great service also in differentiating lesions of the spinal cord — first, 
from lesions of the nerve trunks j swfondly, from lesions of the cauda 
e(]uina ; thirdly, from hysteria } fourthly, from multiple neuritis. In 
lesions of the nerve tranks the distribution of the ansesthesia is different 
from its distribution in tlie spinal-cord affections. This will be evi- 
dent if the areas in Plate IV. showing the distribution of the nerves of 
the skin as compared with the areas in Plate VII. showing the distri- 
bution of the nerves from the segments. 

Fractures of the lower lumbar vertebne or of the sacnim often pro- 
duce pressure upon the cauda equina. It has Ijcen found that when 
such pressure is slight, it is the nerves lying innermost within the 
cauda which suffer most, and the greater the compression the greater 
the numixir of nerves whi(;h suffer. The distribution of the anaesthesia 
in cjiudal lesions resembles closely the distribution of aniesthesia in 
lesions of segments of the cord, and from a study of the anaesthesia 
alone it is imixessible to differentiate absolutely a caudal lesion from a 
cord lesion. A diagnosis may, howeveer, Ixe nmde — first, from a study 
of the surgical indications, chiefly of the nature of deformity, the rela- 
tion of the vertebrre to the stegments of the reord being nemrembered. 
The spinal cord ends at the first lumbar vertebra ; hence any frtxcture 
below that level netiessarily comprt*ss<!S the cauda equina and do(!S not 
destroy the spinal cord. Secondly, a diagnosis may be made from a 
study of the paralysis which accompanies the ansesthesia. This paral- 
ysis is very slight in lesions of the siicral segments of the cortl. Thus 
when a lesion is at or lx;low the third sacral segment the panilysis is 
confimd to the peronei muscles. When the first siicnil segment is also 
involved, the paralysis affects the anterior and postrsrior tibia! musch's, 
and it is only when the entire lumbar region of the cord is destroyed 
that movements of the hip-joint will be affeefid. In Ciiuda-txiuina 
lesions, on the other hand, pressure nijon the nerve roots is often suf- 
ficient to produce widespread paralysis wluin semsation is but slightly 
affecterl. Thus in a lesion of the spinal cord the distribution of the 
paralysis will correspond to the segment of the coni invaded by dis- 
ease, and will corresjxxnd to the distribution of the aniBsthcsia pro- 
duced by a lesion of that segment, while in lesions of the ciiuda equina 
the distribution of the paralysis may be much more extensive than that 
indicated by tlie distribution of the auaisthesia. 

The distribution of the ansesthesia is also of much service in differ- 
entiating hysterical paralysis from organic disxiase of the spinal cord. 
Charcot pointed out the fact that in hysterical paraplegia the anses- 
thesia never involves the genital organs or the perineum and the anus. 
Paralysis of the bladder and rectum is a very rare thing, and if it 
occur is of the nature of retention of urine rather than of incontinence. 
Fig. 31 shows the area of anaesthesia commonly observed in hysterical 
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Fiq. 31. 



cases, and it will be noticed that its distribution is very different in 
outline from that in Plate VII. It is also to be remembered that in 
hysterical paraplegia there is no reaction of degen- 
eration in the muscles, and there is no loss of ten- 
don reflexes. 

In many cases of traumatic neurosis or of irri- 
tation of the spine following injuries, and in the 
so-called spinal concussion associated with anses- 
thesia, it will be found that the distribution of the 
anaesthesia corresponds to the hysterical rather tlian 
to the organic tyjje. 

In multiple neuritis tlie region of anaesthesia 
aasumes a stocking-shaped or glove-shaped area on 
both limbs symmetrically, and does not extend to 
the trunk. 

It is important to be able to locate the lesion 
accurately in spinal-conl disease, no matter whether 
the lesion thus determined corresponds to well- 
known forms of spinal distmsc or not. It has 
recently been shown* that vascular diseases of the 
spinal cord, hemorrhages into the cord of small 
The e^of ana»thc»ia extent, or long perforating hemorrhages in the eonl 
tn hysterical paraplegia; of Small lateral cxtcnt, or Small areas of softening 
ttc ge nitaii are not anaa- ^ thrombosis of diseased Spinal 

arteries or their branches, are more common tlian 
was supposed. The diagnosis of these conditions is only possible by 
an accurate study of symptoms, and such a study may indicate a local 
lesion suspending the function of a small area at any level. 

Ataxia. — Ataxia is a symptom of spinal-cord, disease due to an in- 
terference with the muscular sense impressions which pass into the 
cord through the posterior nerve roots and root zone. Both the auto- 
matic and voluntary movements of the body are guided by the im- 
pressions received through muscular sense, and if those impressions 
are lacking the movements become awkward. Such movements can 
be guided by the eye, and hence an ataxic will always perform a mo- 
tion more deftly if he watches the limb which is moved, but deprive 
him of vision by closing his eyes and the symptom of ataxia is readily 
develojieil. The lesions of the spinal cord which produce ataxia are 
those which destroy the fibres in the posterior external column or 
column of Burdach, through which the fibres pass which convey the 
impressions of muscular sense. As has been already stated, these 
fibres |)a.s8 upward and downward in the column of Burdach, sending 
their collatemls into the posterior gray matter of the cord at difierent 
levels, so that the impressions coming in through a single nerve are 
conveyed to many segments of the cord. .. Tn addition there are the 
long tracts passing to the medulla, already described in the column of 
Goll. When one thinks of the very numerous and complex movc- 

*R. A. Williamaon. Manchester Medical Chronicle, 1805. 
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mcnts which are involved in such a simple act as lifting a glass of 
water to the lips, involving almost the entire body, made in order to 
preserve its balance, one realizes that to properly guide any movement, 
however simple, a very extensive action of a large number of muscles 
is required. This action is guided automatically by the muscular 
sense. It is only when the muscular sense is interfere with that one 
realizes its extensive use and its constant function. The disease in 
which ataxia is most evident is posterior sclerosis, but any lesion alfcct- 
ing the same area of the cord will produce ataxia. Thus multiple 
sclerosis, or tumors of the meninges on the posterior surface, or tumors 
within the cord, or syringomyelia when it involves the posterior 
columns, or a general myelitis, are capable of producing this symp- 
tom. The ataxic gait has alrejidy been described. 

Pain. — Pain is a symptom of considerable importance in spinal-cord 
disease. It may Ije felt in the spine itself ; that is, in the back and 
deeper structure.s, under which circumstances, as a rule, there is a 
more or less extensive affection of the nerve roots or of the meninges, 
but not of the spinal cord. Severe pain in the back and spinal liga- 
ments is not at all uncommon in functional affections, such as trau- 
matic hysteria and traumatic neurasthenia ; in nervous prostration ; in 
hysteria. It is sometimes present in the affections of the vis<!era, under 
which circumstance the pain is really a “ referred pain,” referre<l to the 
baiik when the actual irritation comes from the sympathetic nervous 
system connected with the vi.scu8 diseased. (See page 741 .) In organic 
affections of the bones, ligaments, and nerve roots spinal pain is also a 
frequent symptom. 

When pain is produced by disease of the spinal cord itself, it is due 
to au irritiition or injury of the posterior nerve roots at their entrance 
or to an irritation of the sensory tracts passing upward through the 
spinal cord. Under these circumstances the pain is not referred to 
the back, but is felt in the part of the body from which the irritated 
nerve root or sensory tract has come. Thus in locomotor ataxia the 
sharp shooting pains are referred to the limbs ratlier than to the back, 
and as the di-sease almost uniformly begins in the second and third 
lumlxir segments of the cord, these pains are usually referrt>d to the 
anterior .surface of the thighs, and as the disease advances downward 
to the fourth and fifth lumbar segments, the pain is felt iii the feet ; as 
it advances upward into the dorsal region, the pain is felt about the 
body. When the proems has ascend^ to the lower cervical region 
pains begin to be felt in the axilla, on the inner side of the arms, and 
in the little fingers, and finally, as the upper segments of the cervical 
region are invaded by the sderotic process, the entire arms and 
shoulders become the seat of pain. The location of pain, therefore, in 
any case of disease of the cord is an Indication of the level of the 
disease, and comparison of the distribution of the jiain in any one case 
with the diagram (Plate VII.) will enable one to locate the affection. 

In syringomyelia, in which the terminal filaments of the [min-sense 
nerves within the gray matter are destroyed, the analgesia which finally 
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develops is usually preceded by a stage of pain, and here too, as in 
locomotor ataxia,, the pain is referred to the periphery corresponding 
to the segments of tlie cord involved. 

Pain referred to the extremities is also a symptom in injuries of the 
coni, in hemorrhages within the cord, or in crushing of the cord such 
as follows dislocation or fi-acture of the spine. In these cases the pain 
is referred to the periphery, but is less exactly referred than in loco- 
motor ataxia, for the injury affects all the s<m.sory tnufts coming from 
the parts below the site of the lesion, and these are damaged to a 
greater or less extent ; <!OusequentIy, the reference of the pain is more 
widespread. Thus in a hemorrhage in the lower cervical region in- 
tense i)ain may be felt in the entire body below the level of the arms. 
In these (»x.ses any movement of the body causing an increased mediau- 
ical pressure upon the coni may be attended by sharp, shooting pains 
felt in any jxart of the body below the lesion. Pain is an early symp- 
tom in tumors of the cord, and in these cases it may be rcfcrrbd to the 
periphery from which the nerve rexxt comes, which is primarily com- 
pressed at the site of the tumor. Thus in a tumor in the dorsal region 
the piiiu may be felt in the thorax, epigastrium, or abdomen. It may 
Im? also referred to the pirts of the body below the tumor, because of 
the irritation of the sensory tracts passing through the cord at the site 
of the tumor. 

There are some cases in which pain is referred to an anscsthctic por- 
tion of the body. Thus in caries of the spine, in localised meningitis, 
in injuries of the nerve roots, and in some cases of sederosis of the cord 
the sesnsory nerves may be destroyed, so that no sensations can pass in 
over them, and hence the surface of the body may be ansesthetic ; but 
at the same time the proxinud ends of these clcxstroycid nerves may be 
irritated by the disease, and hence painful sensations may constantly 
Ix! sent inward to the cord. These, being received and tmnsmitted 
upward, are referred to the anajsthetic surfacse, giving rise to the symp- 
tom called anaesthesia dolorosa. This condition is very nirely sec:n in 
diseases of the cord itself, but is very common in diseases of the verte- 
brae, esiKicially in tumors (carcinoma, sarcoma) and in caries of tlie spine. 

Vasomotor and Trophic Symptoms. — In the gray nmtter of the cord 
there lie ciertain cells which regulate the mechanism by which nutri- 
tion in the body is maintsdned. It sciems probable that these mechan- 
isms are scit in activity by sensory impulses reaching the cord through 
the posterrior nerves, because many posterior nerve or nerve-root lesions 
are attende<l by trophic disturbances — e. g., joint disease and perfor- 
ating ulcer of the f<x>t in locomotor ataxia. In locomotor ataxia the 
joint diseases are quite frequent, the ankle, knee, and hiji being affected 
in the onl(‘r mentioned. In syringomyelia it is the elbow, wrist, 
fingers, and shoulder, in the onler mcntioneil, whiesh arc most commonly 
affeetcnl. It is quite noticeable that such joint affections occur chiefly 
among the lower classes or in persons who are exposed to injury or to 
falls ; hence it is concluded that their origin is traumatic, even a slight 
injury lieiug sufficient to pioduce them. There is usually at first an 
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effusion of fluid into the joint, subsequently a thickening of the ends 
of the bones. If such joints are treated % perfect rest at an early 
stage, the disease disappears. If, however, they are negle(!t(!d, as they 
are very liable to 1» because of the absence of pain, the process goes 
on and increiises until the joint is rendered useless. It is a veiy sug- 
gestive fact that these joint diseases ap])ear only in thost; spinal affec- 
tions in which the sense of j)aia is impaired, and this is another proof 
of the conservative influence of pain in securing rest or immobility in 
the diseisod part. 

The mechanisms starUsl by tliese sensory impulses which control 
nutrition lie iu the (ieutml gray matter of the cord, and to some extent 
in the anterior horn, for trophic disturbances, especially eruptions in 
the skin, necrosis of the fingers, atrophy of the muscles, frjigility of 
the bones, occur in lesions limited to the gray matter of the centnd 
area or invading the anterior horn, as, for example, in syringomyelia 
and in anterior poliomyelitis. It is probable that these mechanisms 
are not the only ones which preside over nutrition, and that through- 
out the body and in the skin the nerve mechanism of the vessels is 
quite (iompetent to regulate nutrition, provide«l it is not put to too 
great a strain. Thus licd-sores and cystitis are in my opinion rarely 
due primarily to lesions of the spinal cord, and may ususilly be avoided 
by proper care. In the nortnid body continuous pressure upon any 
one part for a long time without shifting of position does not occur 
even in sleep, and if a similar repeated change of p<jstim! is kept up 
iu a case of spinal paralysis, bed-sores will not appenr. It is un- 
doubtedly tile continued pressure without cliange of’ {Misition which 
produces such sores, and this is proven by the locality in wliich they 
uniformly apiKiar — namely, over the sacrum, upon the trochanters, 
upon the heels, or upon spots subjected to gmitest pressure when (he 
patient lies long in one position. In cystitis it is the intnsluction of 
germs into the bladder by means of the catheter whicih is res|K»nsible 
for the disease, or else an over-distention and const^quent inflammation 
of the bladder when the proper catheterization is neglected. While it 
is admitted, therefore, that the spinal cord has trophic functions iu the 
sense that it ragulatcs tlie ilegrce of circulation and the rapidity of 
processes of nutrition, it is not believtxl that a lesion iu the cord alone 
under proper care of the jiatient will result in lesions of the skin or 
mucous membranes. 

The atrophy of the muscles which occurs in spinal paralysis apiMiars 
to be too rapid to be aiicounted for by disuse, and the fragility of the 
bones which apiiears in syringomyelia can only lie accounted for by a 
distinct trophic influence of the cord upon the bones. 

In all conditions of destruction of the spinal cord the part of tlic 
body related to the part of the cord destroyed is found to present a 
bluish appearance, indicating an imperfect capillary circulation due to 
a lack of tone in the arteries, and also a cohl condition due to im|ier- 
fect processes of nutrition going on iu consequence of the venous sfiisis. 
This is particularly noticeable in the parts of the body below a trans- 
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verse lesion of the cord, in syringomyelia, and also in anterior polio- 
myelitis; hence it is evident that the spinal cord is concerned in the 
vasomotor mechanism. Hence in any cases where vasomotor or trophic 
symptoms appear in a patient the suspicion is aroused of a spinal-cord 
disease. 



CHAPTER V. 

THE DIAGNOSIS AND LOCALIZATION OP BRAIN DISEASES. 

The structure of the brain and the locali^ttion of its functions are 
subjects that have received much attention during the past twenty 
years. To give even a con<!ise review of them would require too much 
spacie in this text-book. Hence the reader is referred to the recent 
elaborate Avorks of Gordinier,* Barker,* Edinger,* Van Gclmchten,* 
Obersteiner,’ Dejcrine,® Ferrier,^ and the author* for the details of 
anatomy and physiology. In this chapter a study of the symptoms 
occurring in brain diseases will l)e presented and an att<>mpt will be 
made to trace each symptom to its anatomical basi.s, so that its signifi- 
cance as an index of the piithological state present may be clear. 

Tlie symptoms that present themselves in cases of brain disease are 
broadly divided into two classes, viz., general and local symptoms. 

The General Symptoms are headache, dizziness, vertigo, discomfort, 
and general sensations of fulness, pulsation, and pressure in the head ; 
delirium, excitement, depression, stupor, awl coma; disturbances of 
sleep; nausea and vomiting; convulsions; optic neuritis; variations 
in the rate of pulse, respiration, and tempemture; disturbances of 
secretion of sweat and uriuc ; disturbances in the vasomotor condition, 
and disturbances of nutrition. 

These symptoms may occur in the course of any cerebnd affection . 
and indicate an irrihition of the brain or an .arrest of its functions as 
a whole. They occur no nuitter where the disease is lociittsl in the 
brain, and are as common when one locality is affected Jis when another 
is inviided. They are important symptoms of cerebnd lesion, but they 
do not indicate its position. They are of great value in determining 
the variety of disease which is present, and it is from the history of 
their development in any case that the diagnosis is to he made. 

The Local Symptoms of brain disease, <m the other hand, are pro- 
duced by affections of different parts of the organ, and each symptom 
shows that a certain particular region is diseased. These symptoms 
are spiism or paralysis of one or two limbs or of one-half of the body ; 

* Qordinier, Anatomy of the Nervous System. P. Blakiston’s Son & Co., 1899. 

* Barker, The Nervous System. D. Appleton & Co., 1899. 

’Edinger, Anatomy of the Central Nervous Swtem. F. A. Davis Co , 1899. 

‘Van Oenuchten, Le Systfime Nerveux de 1’ Homme : Van In, Lierre, 1902. 

’Oberstcincr, Anleitung beim Stadium des Baues der Nerveisen Centralorgane. 
Vienna, 1901. 

’Dejerinc, Anatomie des Centres Nerveux. Paris, 1902. 

’Ferrier in Allbutt’s System of Medicine, vol. vii. Macmillan Co., 1900. 

’Starr, Atlas of Nerve Cells. Macmilhui Co., 1896. Familiar Forms of Nervous 
Disease. Wm. Wood & Ca, 1893. 
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loBS of perception of touch, temperature, pain, or position of one or two 
limbs or of one-half of the body ; loss of visual power or of the power 
of smell, taste, or hearing ; and aphasia, or disturbances in Speech. 
These symptoms may be entirely wanting in some cases of disease when 
that does not involve the portions of the brain concerned in sensation 
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The out(fr Rurfaco of the lea hemisphere. 8, Sylvian Hsenro ; Si, outer portion of the Sylvian 
fissure ; Including Si lue., posterior tcnnlnal branch ; Si, anterior ascending branch ; e, central fissure, 
Including c/r.. Inferior transverse suicus; pet., inferior precentral sulcus ; pcs,, superior precentral 
sulcus; petih, median precentr^ suicus; ric, i., Inferior retrocentral sulcus; rtc. e, superior retro- 
Icentral sulcus ; rie, tr,, transverso retrocentral sulcus ; »/r., median marginal fissure ; su)K>rlor 
frontal sulcus ; fe, Inferior iVontal sulcus ; median frontal sulcus ; d, diagonal opercular sulcus ; 
r, radiating iWmtal sulcus ; fmi, fntf, /tti'j, parts of orbital marginal suicus ; tp. Interparietal sulcus ; 
pa, Inner pcrpondicular fissure ; occ. ant,, outer perpendicular, or ape fissure ; occ. la/., lateral occipital 
fissure; /j, first temporal sulcus, or parallel fissure, including ti one., ascending ramus; second 
temporal sulcus. Including t, one., ascending branch ; A, anterior central convolution ; H, posterior 
central convolution; ^i, superior, or first frontal convolution; median frontal convolution. In* 
eluding F} med., median layer ; F, la/., lateral layer ; Fa, Inferior, or third fhmtal convolution. In- 
cluding p. baa., basal part of opercular ^rtiou ; p. aac., ascending portion of the opercular portion ; 
p. Irtimg., triangular portion ; p. orb., orbital portion ; 1, lateral root of the superior frontal con* 
volution ; 2, lateral root of the median frontal convolution ; Pi, superior parietal lobe ; Pa, Inferior 
parietal lobe ; including 0. apm,, supramarginal convolution ; O. ang., angular convolution ; fl. par, 
poal., posterior parietal convolution; O, occipital lobe; Ti, first temporal, or parallol convolution; 
Ta, second temporal convolution ; 7s, third temporal convolution. (Kberstaller.) 


or in motion. Oue of them may occur alone if a lesion is of small 
extent, or they may occur in certain combinations. The important 
fact, however, in connection with each symptom is that its presence 
shows tlie localization of the disease which is present. From the man- 
ner of the occurrence of these local symptoms, whether their onset is 
dudden or gradual, some information can be gained which is an aid in 
the diagnosis of the nature of the disease, but the character of the local 
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symptom is the same, no matter how different the pathological process. 
Thus a hemiplt^ia presents the same features whether the lesion is a 
hemorrhage, an abscess, or a tumor ; but in any of these diseases its 
appearance indicates that the motor portion of the brain is involved. 

Fig. 32 shows the appearance of the left hemisphere of a highly 
organized brain. In Fig. 33 a diagram is given constructed from a 
series of photographs of the neurones of the cortex. This demonstrates 
the varioas layers of the cortex and the different kinds of cells in the 
different layers. 

General Symptoms. — Headache is due to a disturbance of nutrition 
of the brain. It occurs in a great variety of diseases, being usually 
more severe in constitutional affections than in diseases of the brain. 
In both functional and organic diseases of the brain it is a very com- 
mon symptom, varying in intensity and locality. It may be a dull, 
continuous pain, with intermissions or remissions and cxac(‘rbatious, as 
in the various forms of meningitis and in brain tumor. It may be 
sudden, sharp, and excruciating, but not long in duration, as in grt'nt 
congestion of the brain, in endarteritis and precicding apoplexy or from 
the pressure of a tumor. It mtiy be intense for several hours in the 
afternoon and evening, as in syphilis of the membranes or of the brain. 
It may take any form in cerebral neurasthenia and hysteria, but never 
resembles the pain of a neuralgia in its exact limitiition to a nerve 
trunk, or the pain of a migraine in its ])recis(! unilateral position and 
in its regular recurrence in attiicks with long periods of freetlom. 
Headache is one of the chief and most severe and agonizing symptoms 
in pachymeningitis and in meningitis, being either hnsd or dilfuse, and 
is continuous to the end. Headache ocMsurs in mild attacks ih the con- 
dition of endarteritis which precedes apoplexy, and is likely to be of 
frequent recurrence on mental or physical exertion. It usually (xmses 
on the occasion of an apoplectic attack, and d(X!S not return. Head- 
ache rarely develops in cases of cerebral atrophy and raaldevelopmeut ; 
hence idiots, imbeciles, and hemiplegic children do not often suffer 
from it. It is rarely felt by paretics ; hence is not a symptom of 
meningo-encephalitis. Headache is a marke<l symptom of brain abscess 
and of brain tumor, in the former being of sudden onset and severe 
throughout the short illness, and in the latter being of variable inffm- 
sity but of almost daily recurrence from Ixjginning to en<l. Headacbe 
is present in thrombosis of the cerebral sinuses. It is a very marked 
and constant symptom in all forms of brain syphilis. Headache occurs 
in conditions of antemia of the brain, being usually felt at the top or 
back of the head. In the persistence of this symptom and its associa- 
tion with other general and local symptoms of brain disease it is of 
value in diagnosis. In certain cases headache is always felt at one 
part of the head -^frontal, vertical or occipital, unilateral, in the temple, 
or behind the ear. Sometimes such a local pain has been found to be 
due to disease at the site of pain, viz., to abscess, tumor, especially 
gumma, or to osteitis, or pachymeningitis ; but this is not uniformly 
the case, and in brain tumors the location of the pain is not a reliable . 
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indioatioa of the position of the tumor. The disturbance of the circu- 
lation and the venous congestion which lead to an effusion of fluid 
either into the lateral ventricles, into the membranes, or into a cyst in 


Fia. 33. 



Diagnim of the layers of cells of the cerebral cortex. I, superflclal layer: a, ftasiform; h, trian- 
gular; c, polygonal cells of Cajal. II, layer of small pyramid: tf, smallest, e, small,/, medlum-siscd 
pyramids, with their ncuraxones descending to the white matter, giving off collaterals In their course. , 
III, layer of largo pyramids ; g, largest (giant) pyramidal cells ; k, large pyramidal cell with very.'' 
numerons dendrites ; all pyramidal cells are seen to send long apical processes up to /; m, Martlnottt 
cell with descending dendrites and ascending neuraxone; n, polygonal cells. IV, deep layer: p, pisi- 
form cell ; g, polygonal cell. V, the white matter containing the neuraxones from pyramidal cells d, 
e,f, g, and from coll of the deep layer p; r, neuroglia fibre. (Starr, Atlas of Nerve Cells.) 

the brain, or to a state of cerebral oedema is a condition which gives 
rise to most intense and persistent headache, and this is the condition 
which’makes it such a common symptom in brain tumor. 
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Dizziness and Vertigo are common symptoms in brain disciisc. The 
origin and varieties of vertigo are discuss^ in connection widi disease 
of the auditory nerve and its relation to the cerel>ellura. In diseases 
of the brain vertigo is usually an intermittent symptom, occurring in 
attacks. It may consist of a mere sense of swaying, or of the turning 
of objects about one, or it may be so intense as to force the victim to 
lie down and to hold on to the bed, the delusion of motion being over- 
whelming. It leads to an unsteady gait and to shiggeriug. It nmy 
lead in extreme cases to forcetl movements of rofaitiou in an attempt 
to correct the delusional sense of raoveraent. It is a symptom which 
appears in many cases of emlarteritis prior to apoplexy, and often |)er- 
sists after an apoplectic attack. It occurs in abscess and tumor of the 
brain, and in these cases mjiy be constant. If persistent and severe in 
all these cas(!s it may indicate disease in the cer<>bellum; but, like 
headatjhe, it is not a nJiable local symptom unless it is found in con- 
junction with other local indications. It occurs in neurasthenia and 
hysteria as well as in many constitutional conditions. It is undoubtedly 
an indication of a general disturbance of function and nutrition in those 
mechanisms of the brain which preside over c(][uilibrium. These are 
too extensive and located in too many different regions, however, to 
make vertigo a hnsil sign of disease. 

Deneral Cerebral Sensations of discomfort, of pressure in the head, of 
fulness, or of irregular pulsation are felt by nuiny patients with func- 
tional and organic diseases. They are more commonly noticed in 
neurasthenia and hysteria and in states of endarteritis that precetle 
apoplexy than in states of brain softening. Anything which iucnsises 
the intracrajiial pressure, the existence of a clot, or abscess, or tumor 
is likely to cause these sensations, and they are invariable with effusion 
into the ventricles. They are to be considere<l as of more than ciisual 
importance only when associated with other signs of orgjinic disceascs. 

Mental Symptoms of many kinds develop in the c/mrse of brain dis- 
tase and are always due to a disturbance of cerebral function. A state 
of mental excitement may indicate an irritation of the brain cortex, 
and this may become delirium when the power of voluntary control of 
thought is impaired. This occurs in abnormal constitutional states 
and fever and in meningitis much more frequently than in gross lesions 
of the brain, though after an apoplexy, or in the course of an abscicss, 
or thrombosis of the lateral sinus, or in syphilis of the brain, delirium 
at night is not uncommon. Depression of brain activity, a sense of 
inability to think or reason, a true slowness of the association processes, 
and an impairment of judgment and of self-control are symptoms of 
cerebral lesions found in all varieties of disease, both diffuse and local- 
ized. The lack of self-control manifests itself by an emotional state 
in which the patient shows signs of amusement or of distress on slight 
cause, and is uncontrollable in temper and action. All these forms of 
mental disturbance may develop in any kind of disease of the meninges 
or of the brain. They are particularly prominent in cases of affection 
of the frontal lobes, which, as is well known, are the supposed site of 
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the higher mental faculties, of coordinated ideas, of powers of atten- 
tion, of reasoning, of judgment, and of self-control. Defects of devel- 
opment in these lobes are followed by an inability to acquire the higher 
ideas which distinguish man from animals, and hence lead to weak- 
mindeilness and idiocy. Therefore, such mental symptoms may be 
considered as local symptoms of frontal lesion in many cases. They 
occur with diseases within the frontal lobes as well as in cortical affec- 
tions, and also in lesions of the corpus callosum, whose fibres associate 
the action of the hemispheres. They are particularly common in lesions 
of the so-called association areas of the cortex. They are less marked 
in local disease of tlie brain that is confined to the motor and sensoiy 
regions. Yet they do occur in general diffuse affections, such as paresis 
and multiple cerebral softening, and hence must be regarded as general 
symptoms rather than- as purely local. The various types of insanity 
rarely develop in csises of gross cerebral disease, but dementia is the 
terminal mental state in many cases of extensive destruction of brain 
tissue. 

Insomnia is a common symptom of all forms of intracranial disease 
that cause an irritation of the brain. It accompanies cerebral conges- 
tion and aneemia, but is not due to eitlier exclusively. It is always 
present in meningitis. It often attends gross lesions, especially those 
that increase the intracranial pressure. After an apoplexy patients 
usually sleep badly, are restless, and wake easily. Sometimes the sleep 
is disturbed by dreams. Insomnia is an early sign of paresis. Grind- 
ing of the teeth in sleep is a sign of irritation of the base of the brain. 
It is most common in meningitis and in basal tumors. The opposite 
condition of drowsiness is observed in many chronic cases of brain 
tumor, in cases of dementia, in cases of extensive softening, and in 
cases of paresis. Narcolepsy or sleeping sickness, in which patients 
fall asleep at unseemly times and places, and cannot be aroused, is a 
functional state not found in connection with gross lesions. 

Stupor and Ooma develop after a sudden shock to the brain, such as 
occurs in concussion of the head, or hemorrhage in the brain, or with 
a rapid alteration of circulation in the cerebral vessels, as in the extreme 
congestion of sunstroke, or the anaemia of hemorrhage, or in a condi- 
tion of sudden oedema of the brain such as follows tlirombosis and 
embolism. In these conditions coma pomes on suddenly. It occurs 
in apoplexy when the clot is large, when it lies near the lateral ven- 
tricle, or when a large vessel is obstructed and a large area of the 
cortex is deprived of blood. In any disease that leads to an increase 
of the intracranial pressute stupor and coma may develop slowly. 
Thus in the various forms of meningitis and sinus disease, in enceph- 
alitis, in brain abscess and tumor, in syphilitic exudations, in ventricu- 
lar effusions coma comes on after the disease has been in progress some 
time. Coma usually succeeds a convulsiop. ’ Many poisons, either of 
external or internal origin, are capable of causing coma, and hence it 
is not to be considered as* a symptom of brain disease unless associated 
with other signs. It has no local significance, but when it occurs in 



GENERAL SYMPTOMS. 


87 


the coarse of a cerebral affection it is a sign of great shock or extensive 
disease of the brain, and hence is of l)ad prognostic importance. 

Nausea and Vomiting are only to be considered as cerebral in origin 
when all forms of disturbance of the stomach and other organs can be 
excluded. Nausea is a very rare symptom of braih disease, but occa- 
sionally prece<le8 vomiting of cerebral origin. Vomiting is a sign of 
irritation of the cerebral tissue dependent upon irregularities of the 
circulation or upon an increase of intracranial pressure. Thus it occurs 
in endarteritis, at the onset of apoplexy, in the condition of brain abscess 
and brain tumor, and is a very common symptom in every form of 
meningitis. Cerebral vomiting often comes unexpectedly, not being 
preceded by nausea or attended by retching. It is due to a sudden 
convulsive contraction of the stomach, which expels its contents vio- 
lently ; hence it is called projectile vomiting. It is more common in 
affections of the base of tlie brain or of the cerebellum than of other 
parts, and is then probably due to local irritation of the pneumogastric 
nerve. But it is not to be regarded as a local symptom, since it occurs 
in diseases in any locality. 

Convulsions of a general kind affecting the entire body and attended 
by loss of consciousne^ are either due to a toxic agent in the blood 
which irritates the brain or to some source of irritation affe(!ting the 
organ directly. Alcohol, lead, uncmia, high fever in any disease, and 
many drugs may cause convulsions. Meningitis of any ty{)e, ence- 
phalitis, paresis, abscess, tumor of the brain, and syphilis in any form 
may pnxluce them. Epilepsy is characterized by convulsions, the cause 
of which is unknown, an<l in hysteria convulsions may develop. Inter- 
mittent peripheral irritation, frequently repesitcd and tmnsmitted inward 
to the brain may, in a hypersensitive oigauism, cause sufficient cumu- 
lated central irritation to produce a general convulsion. A convulsion 
may consist of a series of alternate contractions and rclaxations of the 
muscles of the body, termed clonic convulsions, or may be a tense rigid 
contraction of many muscles together, termed a tonic convulsion. In 
epilepsy the tonic stage precedes the clonic. The two arc usually asso- 
ciated in a general convulsion, alternately. The convulsion may begin 
with a cry, which is merely the result of a sudden spasm of the muscles 
of expiration, may lead to biting of the tongue and frotliing at the 
mouthy the saliva being churned up by combined motions of jaw and 
respiration, may be sicuompanied by an emptying of the stomach, bowels, 
and bladder, if these are full, and is usually followed by a complete 
relaxation of the tired muscles and a state of stupor or coma lasting a 
variable time, in proportion to the severity and length of the con- 
vulsion. The convulsion may last from two minutes to ten or even 
twenty. It may be repeated every few minutes for hours, or there may 
be but one attack. 

Physiological experiment points to the existence of a centre in the 
pons Varolii the irritation of which produces a general convulsion, but 
many clinical facts seem equally to prove that irritation of the cortex 
of the brain, at first local, may become general, and thus cause a con- 
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vulsion. A convulsion is not a local symptom, as disease in any part 
of tlie brain may bring it on. Gowers' conceives a condition of the 
motor elements of the brain as one quite comparable to the condition 
of a particle of dynamite or gun-cotton, ready at any time to give a 
manifestation of its stored-up energy by a sudden discharge. In reflex 
acts a slight irritation is capable of exciting a single response. In 
voluntary acts a conscious effort causes a regulated and maintained 
discharge of energy. In a convulsion there is an involuntary, tumultu- 
ous, and irregular discharge which continues to the point of exhaustion. 
Others have thought that a convulsion was rather an evidence of 
paralysis of a higher set of controlling or inhibitory centres whose 
constant action is exerted in repressing the instinctive tendency of 
motor elements to act. These hypotheses have much interost but 
little practical importance. 

Optic Neuritis is a general symptom indicating an increase of intra- 
cranial pressure. It is fully distaisse*! in Chai)tcr XXXV. It may 
occur in any case of brain disease that is attendeil by effusion of blo<xl 
or serum in the membnvncs or brain, in ventricular effusions, in states 
of extreme congestion, in brain abscess, and in brain tumor. It hsis 
no localizing value as a symptom, but is more commonly found in 
affections of the base of the brain, of the bijsal ganglia, and of the 
posterior cranial fossa. It rarely develops suddenly. It may be well 
marked without causing blindness, but it usually results in a dimness 
of vision and, if extreme, in a loss of sight. 

Variations in the Pulse may attend cerebral diseiisc. A slowly in- 
creasing intracranial pressure at first causes a slow pulse, but when it 
is sudden or extreme the pulse may be rapid. Thus a large hemor- 
rhage causes a rapid pulse, a tumor causes a slow pulse during its 
course and a rapid pulse at the end. Variations in the cerebral circu- 
lation, such as attend endarteritis and thrombosis or embolism cause, 
sometimes a rapid, sometimes a slow, action of the heart. Irritation 
of the base of the brain, such as occurs in meningitis, always produces 
an irregular and frequently an intermittent pulse. 

Variations in the Bate of Bespiration may be produced by intracranial 
disease, but are less common than changes in pulse rate. A sudden 
increiuse of intracranial pressure, such as ooxsurs in hemorrhage or 
serous effusions of considerable size, will produce an irregular respira- 
tion consisting of rapid shallow breathing, gradually growing slower, 
followed by an entire arrest and then by a long inspiration again, 
followed by rapid breathing. This is termed Cheyne-Stokes respira- 
tion, and is a sign of unfavorable prognostic import. A permanent 
slowing or hastening of respiration has not been observed in oiganic 
disease, but may ocemr in hysteria. 

Variations in Temperature might be expected as a frequent symptom, 
since the regulation of body temperature is controlled by cerebral 
centres which are located by Ott in the basal ganglia. As a matter 
of fiict, they rarely appear in cerebral disease excepting when they are 

* The Dynamics of IJfe. London, 1897. 
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due to general constitutional disturbances. A sudden fall of tem- 
perature is observed after a large cerebral hemorrlmgc, and is succeeded 
by a gradual rise which, in occasional fatal cases, attains a very high 
degree. Sometimes, after an apoplexy from any cause, the temperature 
on tlie paralyzed side becomes one or two degrees higher than on the 
other side. It is very rare, however, for a bruin tumor to cause fever, 
no matter what its location or the region of tlie brain that it irritates 
or destroys. 

The Secretion of Urine is under the control of a nervous mechanism 
in the medulla, and local lesions in tlie vicinity of the pneumogastrii! 
nuclei have been known to cause diabetes insipidus and mellitus. 
Some irritation of these nuclei may occur from disease located else- 
where in the cranium. Thus an apoplexy, no matter what its cause 
or location, is usually followed at once by an increased excretion of 
urine, and this may contain albumin and sugar for a few days. Brain 
tumors may also cause this symptom from time to time in their 
course. Hence polyuria or glycosuria must be regsirtled as general 
rather than as local symptoms. They are not infre<[uent symptoms 
in hysteria, in which disciiso a suspension of renal activity may also 
occur as a nervous symptom. 

The Vasomotor Condition of the Body is also regulated by centres in 
th'i medulla that any disease at any point in the brain may irritate or 
rfay affect. Hence a unilateral venous congestion, with ntlaxation of 
t'.ie vascular walls, undue swaiting, and local <edema may attend 
'icrebral hemorrhagt^ or softening. It is also a symptom of meningitis 
and occasionally of tumor. 

Emaciation. — In some diseases of the brain patients become rapidly 
cmiusiated. This happens in many forms of meningitis, es{)eci:illy in 
the posterior cranial fossa, and in disease of the cerebellum. I have 
also seen it in tumors of the corpus callosum and of the frontal lobes. 
It appears to bo irrespective of the amount of food or of the digestive 
capacity and without relation to any known factor. It must, there- 
fore, be due to some affection of those nervous centi’cs whicli preside 
over the mechanism of metabolism. Their position in the brain is 
unknown. 

Local S]rmptom3. — Convulsive Movements limited to a portion of 
the .body and, when extending to other parts, following a definite 
onler of progress, are symptoms of irritation in the ciortical motor area 
of the brain. Such irritation must originate in the cortical cells, as 
spasms rarely occur from subcortical lesions. The motor are.*!, as 
recently laid down by Sherrington and Grunbaum * on the brain of the 
chimpanzee, is shown in Fig. 34 with its subdivisions. Its anterior 
limit does not coincide with any fissure. Its posterior limit is at the 
bottom of the fissure of Rolando. Its upper border reiiches over an 
inch upon the mesial surface of the hemisphere. This localization of 

' Tnuisactions of the Path. Soc. of Tx>ndon, Vol. 53, page 127, 1902 ; also Proceed- 
ings of the Boyal Society, June 11, 1903. I am indebted to Prof. Sherrington for Fig. 
34. 
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The left hemisphere of brain of chimpanzee, showing the motor areas 
of the cortex.* (Sherrington. ) 


Fio. 35. 
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motor functions corresponds closely with that determined in man by 
patliological observation. But in man the more highly complex move- 
ments of the hands have been attended by the evolution of motor 
centres for the hands and fingers, closely connected with the tactile 
centres, and extending into the posterior central convolution behind 
the fissure of Rolando, in its middle third. Fig. 35 shows the motor 
area of the left hemisphere in man, which is more extensive than that 
of the right hemisphere in right-handed persons. 

Limited convulsive movements are termed cortical spasms or Jack- 
sonian epilepsy, after Hughlings Jackson, who describeti them in 1861. 
Spasmodic turning of the head and eyes, or of the eyes alone to tlie 
right, indicates irritation of the posterior part of the second frontal 
convolution in the left hemisphere. Such movements to the left indi- 
cate irritation in the same area of the right hemisphere. The head 


Fia. 36. Fia. 37. 



Situation of tumor causing npasm of head and Situation of tumor causing S{msni of right side 
efcs to the right ; Hucccssfuily removed. of face and tongue ; also motor aphasia. 


turns in a series of jerks, and the eyes have a conjugate lateral jerky 
movement — nysts^mus — and these go on until the patient looks over 
the shoulder. In Fig. 36 the situation of a tumor is shown which 
caused this form of cortical spasm as the uni- 
form commencement of Jacksonian epilepsy. 38. 

Spasmodic twitching of the facial muscles 
on one side indicates an irritation in the lower 
tliird of the motor area at tlie foot of the cen- 
tral convolutions. Such twitching may begin 
in the forehead, or in closure of the eye, or 
in tlie muscles of the nose, or about the 
mouth, or in the chin, or the cheek may be 
drawn down by the platysma, or the tongue 
may twitch, or spasmodic noises may be made- 
by a laryngeal spasm. In Fig. 35 the vari- 
ous sulidivisions of the facial area are shown, , ^ , 

each portion controlling the nauscles named, .uffering from Jackunian 
Wherever, in the area, the irritation begins epuainiy. 
it usually spreads to the entire region, so 

that the entire side of the face is thrown into a spasm. The spasm is 
clonic, the rate of movement being six or eight contractions to the 


I/xallced apaam of the (hce tn s 
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second, and the spasms may continue for several minutes. Fig. 37 
shows the situation of a tumor which caused such localized convulsions 
as the uniform beginning of a Jacksonian epilepsy, and Fig. 38 shows 
a patient in the act of having such a spasm of the face. 

Spasms of the face often extend to the eyes and head, and vice vet'ea, 
as the irritation spreads outward from either area to the adjacent one. 
This occurred in the case shown in Fig. 39, where the upper facial 
muscles were involved after the head and eyes had turned to the right. 

Convulsive movements limited to the upper extremity show an irri- 
tation in the middle third of the motor area. The spasm may begin 
with a drawing upward of the shoulder and tuniiug downward of the 
head, as in the case shown in Fig. 40, or by the movements of the 
arm at tlie shoulder-joint, or by movements of the elbow of flexion and 
extension, or by movements of the wrist and fingers and thumb. Or 
the spasm may begin in the hand and ascend the arm, involving all 
the muscles in the reverse order named. Usually the hand is closed, 
the wrist flexed and pronated, the elbow flexed, and the arm adducted 
when the spasm is at its height, and the limb trembles violently in the 
convulsion. The flexors thus overcome the extensors in the conflict 


Fig. 39. Fig. 40. 



Situation of tumor causing cortical spasm Situation of cyst causing spasm of right 

and motor aphasia. Head and eyes turned to shoulder, extending down the arm and to the 
the right, then forehead and cheek were drawn fingers. Cyst leiuorcd. 
to the right 

between both in the spasm. Occasionally large movements at the 
joints are made, and the hand makes wide extmrsions, as in one case 
of mine, following a cortical hemorrhage, where the arm was flung 
about like a flail. It is important to notice the order of extension of 
the spasm in the arm, as this gives a clue to the }K)int on the cortex 
whore the irritation begins. The subdivisions of the motor area for 
the arm are shown on Fig. 35. In Fig. 41 the location is shown of 
a tumor removed successfully from the cortex. In this case the 
patient suffered from mauy Jacksonian spasms of the upjier extremity 
which always began with a twitching of the thumb and first fiugcr, 
then a closure of the hand, and then extended up the arm. Spasms 
beginning in the upper extremity may extend to the face, or to the head 
and eyes, or to the trunk and leg. Reference to Fig. 35 demonstrates 
that Uiis extension mcrely'indicates a radiation outward of the initial 



LOCAL SYMPTOMS. 


93 


irritation to adjacent areas. And it is evident that the order of exten- 
sion of the spasm gives a clue to the position of the point of initial irri- 
tation. Thus in the case shown in Fig. 40 the spasm extended to 
the face from the arm. In case shown in Fig. 42 where the lesion 
was a cortical tumor, the spasm extended from the arm to the leg before 
it reached the face. When a spasm first afiects the shoulder, the trunk, 
and head, and eyes are usually thrown into convulsion before tlie leg 
or face. It is evident from a study of a large number of such cases 
of Jacksonian epilepsy that the order of exteusion of the spasm is not 
a matter of accident, but is governed by the spread of irritation from 


Fio. 41. Fig. 42. 



Sltiiatlnn of tiimor canaing apaam of loft Situation of tumor cauaing apaam of the 

tingora and thumb, then of wrlat, cibuar, and right thumb, fingers, and arm, Uien of foot and 
ahuuidvr. Tumor leiuoved. leg, finally of face. Tumor removed. 


one cortical region to the adjacent region. One litis to think of such 
a spread of irritation as resembling the little waves on a lake which 
extend from the place where a stone strikes the surface in concentric 
but ever- widening circles. 

Convulsive motions limited to the trunk are usually of the nature 
of bending of the Ixsly towanl one side with a dniwing up of the tliigh. 
They are not often observed alone, but commonly occur as the spasm 


Fig. 43. Fig. 44. 



Siturtion of tumor causing spasm beginning Situation of meningeal thickening and adhe- 

lu the left thigh, extending to the budy, arm, and sion after trauma, causing spasm of leg, bcgln- 

face. Removal impusaible. nlng In knee, and extending to foot and hip. 


extends from the shoulder to the leg or from the leg to the shoulder. 

Convulsive motions limited to the lower extremity may begin in the 
thigh, as in the case shown in Fig. 43, and extend down the leg, 
finally involving the foot and toes, or they may begin with a twitch- 
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ing of the toes which extends to the ankle and knee, and finally to the 
hip, as in the case shown in Fig. 44. The lower extremity is usually 
extended in a Jacksonian attack, is held rigid, and trembles, the 
extensors overcoming the flexors in their action. When a spasm 
begins in the leg it extends to the arm or trunk before it reaches the 
face, and usually involves the head and eyes before it affects the lower 
facial muscles or the tongue. 

Local spasms are always attended by a sensation of tingling in the 
part that is convulsed. Sometimes the tingling sensation precipes the 
actual movement by some seconds or even minutes. This tingling 
has been named by Seguin the signal of an attack. It is an interest- 
ing fact that if a strong irritation of the skin is made in or near to 
where the tingling is felt as soon as the tingling begins, the spasm may 
be averted. Thus I have a patient who wears a strap about his wrist 
aud who pulls it tight as soon os he feels a tingling in his fingers, in 
this manner preventing the occurrence of a Jacksonian spasm of the 
hand and arm, that is sure to follow when he omits the constriction of 
the wrist. Such a tingling sensation is more commonly felt in the 
fingers and hand, in the toes and foot, or in the face than it is upon the 
trunk or high up on the limbs, probably because the sensibility of these 
parts is more highly evolved and keener tlian in the others. Or, to 
state it differently, the sensations in the periphery of the limbs are more 
accurately hMiali/xMl and represented in the cortex. The occurrence of 
these sensations with the hxjal spasm is an argument for the coincidence 
of sensory and motor functions in the cortex. 

Local spasms are always followed by a condition of voluntaiy weak- 
ness which may amount to an actual flaccid paralysis in the muscles 
which liave been convulsed. These muscles csinnot be moved for some 
minutes or even hours, but, finally, unless the original lesion is a de- 
structive one, power returns. The paralysis lasts longer in the muscles 
in which the spasm begins than in the others. Hence the subsidence 
of the paralysis presents an order of succession in the limbs which is 
just the reverse of the order of invasion in the sfMisra. Thus in the 
case shown in Fig. 42 the patient was quite hemiplegic for an hour 
after each attack, then the leg began to recover, ^en the face, then 
the upper arm, and finally the power returned in the hand and fingers. 
When, in the gro>vth of the tumor, however, she b^;an to be perman- 
ently paralysed, the paralysis extended in the reverse order, following 
the order of extension of the spasm. Thus the order of extension of 
a spasm and of a permanent paralysis is just reversed in the order of 
recovery in a temporary paralysis. The tumor was removed four 
years ago, and she is now perfectly well. 

All these tacts are of great importance as an indication of the extent 
and location of small cortical lesions in the brain, and are the main 
guides to the surgeon in trephining. ' 

Jjocal spasms do not invariably indicate a primary lesion in and a 
direct irritation of the motor r^on. Such irritation may be indirect; 
that is to say, an irritation may start from a point on the cortex out- 
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side the motor area and, as it extends, finally reach that area, and then 
set up a spasm. The spasm will begin in the limb the motor area of 
which is the part reached by the irritation, and then if the spasm 
extends it may follow the regular order. Sometimes an irritation 
starting in the occipital or parietal region and extending forward 
reaches the motor area of tlie fingers and toes simultaneously. Then 
the spasm will begin in the hand and foot together, extending up both 
limbs at once. This may, therefore, be a clinical fact of importance in 
showing that the lesion lies outside the motor zone. Thus in Fig. 41 
the location of a tumor is shown which caused Jacksonian attacks 
which sometimes began in the toes, sometimes in the fingers, and always 
involved both extremities in part before either was entirely convuls^. 
In such (Rises other sensory, aphasic or mental symptoms may precede 
the attack. Much care must, therefore, bo taken in watching the 
exact characteristics of Jacksonian epilepsy. 

Auotlier fact of interest is that tlic movements and spasms due to a 
cortical irritation always rcscimble voluntary movements. Jackson 
says: “The convulsion is a brutal development of a man’s own move- 
ments. A severe fit is nothing more than a sudden excessive and 
temporary contention of many of the patient’s familiar motions, such 
as winking, articulating, singing, manipulating,” etc. They are never 
contractions of single muscles or of groups of muscles which may have 
a nerve supply from one nerve alone, or which may have a relation in 
their spinal representation. Thus cortical spasms can always be dif- 
ferentiated from spasms due to irritation of a nerve trunk or of a 
spinal nerve root, or of the motor mechanism of the spinal cord. They 
are not like reflex acts. The cortical movements can always be vol- 
untarily imitated. They are always apparently for a purjmse and show 
a certain amount of coordination and adaptation to an end. Cortical 
acts have always been aciquired by a process of education which can be 
seen in progress by watching an infant. The act, when finally learned 
after many attempts and repetitions, leaves a memory which has, as 
a physical latsis, an organized and inter-related group of cells in the 
cortex. Irritate this group, and tbe act is performed. Thus cortical 
movements may be started by electrical appliciitions through ucckIIcs 
to the cortex, and in sui^cal operations for Jacksonian epilepsy it is 
well to explore the cortex with a faradic current, to elicit movements 
until diose are produced which exactly resemble the spasm of the dis- 
ease, and tlien to extirpate the area whose exact function is thus estab- 
lish^. The localized spasms of cortical disease arc rarely, if ever, 
successfully imitated either by malingerers or by hysterics. A hemi- 
spasm sometimes occurs in hysteria, but it usually begins in both limbs 
at on(3e, and if it extends from one limb to the other, or if it extends 
along a single limb, it rarely preserves the exact order of extension so 
uniformly obsci-vcd in local lesions. Hence it is not difiicult to distin- 
guish cortical epilepsy from hysterical attacks of a convulsive nature. 

Localized convulsions do not induce a loss of consciousness. 
Localized convulsions may extend from one part to another until 
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the entire side ia in a state of spasm. They may then extend to the 
other side of tlie body, setting up general convulsions, which may be 
accompanied by loss of consciousness. Whether, in such cases, the 
irritation is conveyed to a convulsive centre in the pons Varolii or to 
the motor cortex of the opposite hemisphere by way of the commissural 
fibres is not yet determined. 

Irritation in the cortex dties not necessarily lead to convulsions. 
The Jacksonian attack may be exclusively sensory, leading to hallu- 
cinations, or when in the speech aresis, leading to temporary attacks of 
aphasia, or to mental states of disturbance of consciousness, or of the 
will, or of the memory. But any of these forms of attack may go on 
to a localized spasm, and a localized spasm may in its turn produce 
subsequently one of these peculiar states. They will be more fully 
considered when sensory and aphasic symptoms are discussed. 

Paralysis from Cortical Disease. — Paralysis is a symptom of local 
lesion in the motor area of the brain or in the tract from it to the 
spinal cord. This paralysis is one of voluntary motion, the reflex and 
automatic acts presided over by the spinal and subcortical basal cen- 
tres being in no way interfered with. The character of the {jaralysis 
depends largely upon the location of the disease and upon its extent. 


Fig. 4.5. 



.situation of focus of beiuorrhagic encephalitli^ cauaiog paralyais of tho tongue and lips. (Dana.) 


Paralysis of motion of the face, arm, or leg, of the head and eyes, 
or trunk, may l)e due to cortical disease when the motor area con- 
trolling their movements is affected. From the extent of the paralysis 
it is possible to arrive at a conclusion regarding the extent of the 
lesion in the cortex. Lesions of the cortex, as a rule, arc not very 
extensive. Thus cortical hemorrhages are rarely very lai^, softened 
areas from embolism or thrombosis in the cortex are limited as the 
collateral circulation is good ; an abscess or a tumor in the cortex is at 
first small. Therefore, as a rule, from cortical disease we get a 
jMiralysis of limited extent, the face alone, or arm alone, or these 
together being paralyzed ; or the leg alone, or arm and leg together 
being affected. This is termed monoplegia or associated monoplegise. 
Since each hemisphere of the brain controls the opposite side of the 
body chiefly, the paralysis from a lesion in one hemisphere is limited 
to the opposite side of the body. Paralysis of one side is termed 
hemiplegia. In cases where both hemispheres are involved we may 
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have doable hemiplegia or diplegia ; but tliis is a rare condition. As 
a matter of fact, each hemisphere is connected by the motor tract with 
both halves of the spinal cord, as we shall presently see, and there- 
fore in every case of hemiplegia the nnparalyzed side is really a little 
weaker than before the attack. There are rare cases Avhere the hemi- 
plegia has been on tlie side of the lesion. These are, however, ex- 
plained by an absence of a decussation of the motor tracts in their 
course. But the separation of various motor areas from one another 
in tlie cortex, and the usual limitations of lesions to small regions in 
the cortex, makes hemiplegia from cortical disease rare. The usual 
result of a cortical lesion is a monoplegia. 

The Characteristics of Voluntary Action. — The paralysis, as already 
stated, is one of voluntary motion that has l)een acquire<l by practice. 
If we study voluntary acts as they are performed we find that each act 
involves a succtission of movements by different joints, each movement 
being produced by the contraction of a number of different muscles. 
The act of lifting a feather or a heavy weight involves the sjinie muscles, 
but there is a great difference in the order, sequence, and relative force 
expendcid in the two acts. In both the entire muscular system of the 
arm is called into play, but in each there are Sfjme muscles whose action 
is greater in degree and precedent in time than in the other. The 
motor centres of the cortex govern acta rather than muscles. It is the 
act of grasping, of lifting, of opening the hand, of pointing, etc., that 
is pitKluced by cortical activity rather than mere contraction of flexors 
and extensors of the fingers. Now any smth act involves the coordi- 
nated movement of many muscles for its protluction. We must think, 
therefore, of the motor area of the hand, for example, as containing an 
enormous number of centres of action arraug«id in groups, so that it 
cannot be divided by sharp lines into flexor and extensor centres, since 
flexor and extensor action occur simultaneously in many acts. If tlm 
motor area be divided at all it must be into regions for varions acts, 
each having its predominant feature. Hence in subdividing the arm 
areii into regions for shoulder, elbow, wrist, and fingers it is intended 
to separate acstions whose special feature is the movement of the joint 
named. In each division all the joints may be represenUKl in part, but 
in different degrees. Thus the lifting of the arm above the head is 
primarily a shoulder movement, but involves some action in all the 
other joints, since the forearm and fingers do not hang limp. And a 
firm gnisp, though primarily a flexor action of the fingers, involves 
some act of support by all the muscles of the arm. In the case shown 
in Fig. 40 the shoulder motions were more defective than those of 
the hand. In the case shown in Fig. 42 the hand motions were 
impossible and the shoulder was only partially paralyzed. 

As the pianist, by striking the keys in different combination, pro- 
duces an unnumbered variety of harmonies from a small number of 
strings, so the cortex, by exciting the spinal neurones, and through 
them the muscles, attains a countless variety of movements. The vibra- 
tion of a single string gives sound but no music, and the contraction 
7 
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of a single muscle gives motion but no act. The loss of a single string 
causes discord, but does not stop the sounds, for other strings still 
vibrate. The paralysis of a muscle impairs motion, but docs not stop 
the act. The strings lie silent unless the keys are struck. The 
muscles are not called into action unless a Cortical impulse reaches them. 
Thus we must regard the cortical motor centres as different in their 
action from the spinal motor neurones. They are the storehouses of 
memories of movements, and are capable of reproducing these move- 
ments which they have acquired. Skill in any complex act, like that 
of the musician, is only gained by numberless repetitions. Watch the 
process of learning to talk or to write in a child, and it will be evident 
that countless futile attempts precede success. Such attempts are really 
simultaneous acts in many centres, causing incoordinated movements, 
but little by little one is subordinated to another in vigor, and one is 
made to precede another in time until an order is ^ched and an accu- 
racy is attained, and this by repetition becomes siTlnced combination, as 
easy for the cortex as is the motion producing the harmony for the 
pianist. That the simplest acts are first acquired is to be exticctcd, but 
there is no limit to the skill possible and no limit to the variety of 
complex movements which nuiy be learned. Every artisan, every 
musician, every dancer, has a peculiar individual store of motor mem- 
ories. ^me individuals possess a greater variety of them than others. 
Hence the motor zone on the cortex is of different extent in different 
persons, each newly acquired set of movements incre.asing its anm. 

The Motor Centres of Speech. — There are some highly eomplex motor 
acts which seem to have a special region assigned to them. The act 
of speech and the act of writing are such, and these are loeated in the 
posterior part of the third and second frontal convolutions, respectively. 
The power to speak and to write are lost wlum these regions are 
<lestroyed by disease. Yet such a destruction does not netxissarily 
involve a paralysis of the muscles which carry out these itets ; it does, 
not even suspend the voluntary movements in these muscles, which 
can be well performed, but not in the combination needed to produce 
speech or writing. 

The loss of the power of speech is termed aphasia. There are two 
types of aphasia, which are recognized as motor and sensory. In motor 
apliasia the act of talking or writing is lost. In sensory aphasia the 
understanding of words heard or seen is lost. The centwis which pre- 
side over the emission of language are highly complex motor centres 
which appear to utilize the secondary motor (jcutres in the facial area, 
setting them to work in varying combinations. When the fimial centres 
are paralyze<l attempts at speech may fail from imperfect pronuncia- 
tion or articulation. This is termed anarthria, and is attended by 
paralysis of the tongue and lips, as in the case of Dana, shown In Fig. 
45. When the motor speech centres are paralyzed no attempt can 
be initiated, and hence words cannot l)e produced either by voice or 
hand. In Fig. 46 a number of cases are shown where the lesion 
Caused motor aphasia. The state of motor aphasia is not attended by 
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any loss of comprehension of language. The understanding is gootl, 
apd the patient knows what he wants to say but cannot find tlie words. 
Nor can he rejKjat words after another. The motor combination appears 
to be lost. The condition may be general or partial. Some words 


Fig. 46. 



Got 


(Starr.) 


Clot 


Situation of lealona euuaiug motor aphaaio. 


(Uotebkisa.) 


may be said while others ciinnot, and sometimes words are jMissible, 
but their combination in sentences is impossible. Writing is usually 
lost with speech. 

Hcrt!, then, is another prtwf that the ctjrtical motor acts arc not 
simple muscular motions, but are highly complex combinations. It is 
as if an electric key by one pressure started a whole ma.ss of msichiacry 
whose difirerent parts were independent and wholly unlike in their 
activities. 

The paralysis from cortitsal disease is therefore a suspension of thii 
power of highly complex actions, and when it is due to a destruction 
of the cortical centres it is attended by a loss of the memories of effort 
essential to those acts. 

Paralsrsis from Subcortical Disease. — Paralysis may also Iw due to an 
interruption in the tract which conveys the.se cortical impulses to the 
motor centres in the ba.se of the brain and spinal cord. This tract is 
called the motor tract. Its course is shown in Fig. 47. 

It arises from the under surface of the cortex of the posterior part 
of the third frontal convolution, the two central convolutions, and 
the paracentral lobule, and passes out of the base through the middle 
third of the crus cerebri. Its fibres gather together at the middle por- 
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tion of the upper enr&ce of the internal capsule ; those from the lowef 
parts of the cortex passing straight inward, those from the upper parts 
curving outward and downward to pass around the side of the lateral 
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Scheme of the pmjectlon flbrcg of the cerebral cortex, fb, corpus callomim ; dr, Intemai cspaule, 
into which fibres pass from the cortex above the Sylvian fissure ; NO, cauiiate nucleus ; A’£, lenticular 
nucleus j 7%, optic tbahunus, In which many fibres Com all parts of the cortex end ; Cip, posterior 
dlTlsIon of the Internal capsule, corresponding to the sensory tract in Fig. 62 ; dal, sublonticular part 
of the Internal capsule, containing fibres of auditory tract afad fibres to the thalamus from the cortex 
Mow the Sylvian flsnire; CL, Luys’ bofly ; NB, red nucleus of tegmentum; Ln, locus niger; FP, 
tract from capsule to pons; /b,.pons; AT*, gray mutter of pons; Of, Oliva; /V, pyramidal tract in 
||pedulla,^passlng to FPyd, anterior median column 'of cord, and to FPye, lateral column of cord of 
dppusiteside, and to lateral column of cord of same side; .B, medulla, (Dfijerine, Anatomledee 
cintros Nerveux, vol. II., p. 2.) 



PLATE X 



Horizontal Section through the Right Hemisphere. (After von Monakow.) 

Tlio importiint the internul eupsule arc eoloro*! red. li. Kn, knee of corpus callosuin; 

W/. anterior horn lateral ventricle; A’:t, inferior part t»f third frontal convrdiition; /. gtrtr, leiiticulo'* 
striate ilivisiuu of internal capsule; Knir. ir. knee of inlcrnal capsule; 1. opftV, lentieulo-optic tlivision 
of internal capsule; T?i, optic thalamus; island of Keil; <7, claustnim; Opin', oi>erculuiji; Ti, first 
temporal convolution; r.lic» retndenticularreKion of internal capsule; L’. .•l.,aminou's horn; cttlc, cal- 
carine fissure; JJh, posterior horn of lateral ventricle; US, optic radiation of (jruliolct; T^, .setamd 
temporal convolution; Faciatit, )>osition in capsule of motor tract to the face; Ilypoftloanus, iiosition of 
tract to the tongue; A rm, iMusition of tract to the arm; Hein, position of tract to the leg; S. H., scnsairy 
fibres; S. visual tract; A, auditory tract. 
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ventricle. Thus, within the oentnun ovale these fibres, if looked at 
from in front, appear like the sticks of a fan, and, like those sticks, 
their relative position is altered in the jwint of junction, where those 
passing inward from the lowest part of the cortex lie in front of those 
that pass downward from its npper part. Thus in the capsule the 
order from before backward is, first, die fibres conveying speech im- 
pulses to the pons and medulla; second, the fibres conveying facial- 
motor impulses to the pons; third, the fibres destined to the arm 
centres of the cord ; fourth, the fibres transmitting impulses to the leg 
centres in the cord. The fibres conveying impulses to the muscles of 
the trunk lie between those to the arm and leg. Plate X. shows 
the relative positions of these fibres in tlie internal capsule. 

From the anterior half of the jwsterior division of the oajisule this 
tract passes through the middle third of each crus (whore the fibres con- 
trolling the movements of the eyes are given off), through the juins 
(Fig. 48) (where the division to the facial nucleus crosses to the 
opposite side and ends), and then(« by way of the pyramids of the 
medulla to the crossed pyramidal and direct anterior median columns 
of the spinal cord. It is evident, however, that the concentration of 
this tract is much greater in tlie capsule than in the centrum ovale, 
where the individual fibres are scattered among the otlier systems and 
occupy but a small area from before backwanl. 

The character of paralysis occurring from lesions in tliis tract is also 
shown in Fig. 48. Four lesions are there shown : one in the cen- 
trum ovale near the cortex, one in the internal capsule, one in the 
crus, and one in the pons. It is evident that the lesion in die centrum 
ovale affects one set of fibres only, tliosc from the arm centre, and 
pitxluces, therefore, a iponoplegia only. A lesion of the centrum ovale 
would have to be very extensive to involve the fibres from the face, 
arm, and leg centres together. But a small lesion in the internal capr 
sulc cuts all these fibres where they pass in a condensed tract, and 
hence produces a hemiplegia, face, arm, and leg lieing all paralyzed on 
the opposite side. It is very rare to get a monoplegia from a lesion 
in the capsule. Any clot larger than the size of a pea destroys the 
entire motor tract here. The vast majority of cases of hemiplegia are 
due to a lesion of the internal capsule. And tlie figure shows that it 
is only in their passage through the capsule, the crus, and the upper 
part of the pons that these fibres can be affected together by a single 
small lesion. 

A lesion in the crus cerebri causes hemiplegia ; but since the optic 
tract crosses the crus, and the tliird nerve to the ocular muscles comes 
out from its inner surface it is hardly possible for both of tliese nerves 
to escape in a lesion at this point. Hemiplegia associated with oculo- 
motor palsy with or without hemianopsia is characteristic of a lesion 
of the crus. It has lieen termed Weber’s syndrome. The eye affected 
is, of course, the one on the side of the lesion, and hence on the side 
opposite to the paralysis of the face, arm, and leg. It is turned out- 
ward, cannot be moved upward, downward, or inward, and its pupil 
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is dilated. Ptosis is present, that is, the upper lid falls, and the eye 
is closed by jmralysis of the levator palpebree. 

Hemiplq^ia may be due to a l&sion in the upper part of the pons, 
but when the lower part of the pons is affected the face escapes on the 


Fio. 48. 



Scheme of the motor tract to ahow the effect of the leaiona at different positions. 1, cortical or sub- 
cortical lesion, causing monoplegia of IcC arms ; 2, cainular lesion, causing leff hemiplegia ; 3, crus 
lesion, causing Icff hemiplegia and right third nerve palsy ; 4, pons lesion, causing alternating 
paratysis of right face and felt arm and leg; 8, sylvian fissute; O.T, optic thalamus; N.L, lenticular 
nucleus ; C, crus ; N.C, caudate nucleus ; VII., theial nerve ; M, medulla. 

side oil which the limbs are paralysed. This is because of the decus- 
sation of the tract to the facial nucleus which enters the raphe in tlie 
pons and crosstts to the other side. .But such a lesion interrupts the 
course of the tract to the facial nucleus on the side of the lesion. 
Hence from lower pons lesions we get (iMemating paralym; that is, 
a paralysis of the face on the side of the lesion and of the arm and 
leg on the opjiosite side. If the tract to the facial nucleus is affected 
the eye can be closed. If the nucleus itself is destroyed the eye can- 
not lie closed. This form of paralysis cannot be caused by a -lesion 
elsewhere. 

The motor tract to the hypq?lo8sal nucletis which governs the tongue 
pursues a course analogous to that of the facial nucleus, but crosses 
the middle line at the upper part of the medulla. A condition of 
paralysis of one-half of the tongue and of the arm and leg on the 
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opposite side is produced by a lesion in the medulla ; such lesions are 
rare. 

The decussation of tlie motor tract takes place in the pyramids of 
the medulla. It is incomplete, some fibres crossing to the lateral tract 
of the cord, others going down in the anterior m^ian column of the 
same side. The degree of the decussation varies in different persons. 
In some it is almost total, in others it is partial. In some it is irregu- 
lar, many fibres crossing on one side and few on the other. Thus 
Fig. 16 shows a marked asymmetry in the lateral tracts and anterior 
m^ian columns due to such irregular decussation. Flechsig has 
remarked this difference in foetal cords, and has even found one case in 
sixty in which no decussation occurs at all. This variability in the 
anatomy of the motor tract explains the different degree of paralysis in 
different cases of hemiplegia. In some cases tlie paralysis is very 
complete on one side and hardly perceptible on the other. In other 
citses there is distinct weakness on the side opposite to the hemiplegia. 
A few rare cases have been reported by Brown-S6quard in which the 
hemiplegia was on the side of tlie lesion, and in these we may assume 
that there was no decussation of the motor tract. A lesion of the 
medulla may affect both tracts at their decussation, and hence cause 
panilysis of all four limbs. This, again, is very rare. 

The motor tract in the spinal cord in the lateral column may be 
affected in the disease lateral sclerosis which has been already studied. 
A unilateral affection of the tract in the spinal cord is not common, 
hence a hemiplegia from spinal lesion is extrtimely ran*. 

These types of hemiplegia occur from every kind of brain disease. 
The alternating form is indicative of a lesion on the base cither within 
or outside of the brain axis. 

Disturbance in the Sense of Touch is a local symptom of disease in 
the brain. There is some discussion as to the area of the cortex which 
receives these sensations and as to the course of the tract which brings 
them in. 

The probable localization of the sensory centres is in the posterior 
central convolution and in the adjacent portions of the cortex of the 
parietal lobules. Lesions in this locality usually cause a loss of tactile 
sense in the opposite side of the body. The sensory area can be 
divided, like the motor area, into subdivisions for face, arm, and leg, 
which lie respectively in the lower, middle, and upper thirds of this 
region. A collection of cases of local cortical disease made by me in 
1884 led to this conclusion. Dana subsequently collected other cases 
which supported it, and Nothnagel, Charcot, Gullet, and von Mona- 
kow accept this localization. 

Some authorities have held that the sensory and motor areas 
exactly coincide. Dejerine, FkHjhsig, Henschen, Mott, and Schafer 
urge this view. But my cases prove that lesions in the motor area in 
front of the fissure of Rolando rarely cause loss of tactile sense, while 
lesions behind it usually produce anaesthesia. 

Another theory of the localization of sensory centres, held by Ferrier 



104 DIAGNOSJrS AND LOCALIZATION OF BRAIN DTSEASES. 

and Mills, places them in tlic hippocampal region. This has been 
founded on physiological experiment, but is not confirmed by patho- 
logical records in mau, and those who hold it. have not attempt^ any 
subdivision of tliis area for the different limbs. I tliink it may be dis- 
carded, for in many cases of operation upon the cortex in living persons 
for the relief of epilepsy and for the removal of tumors I have seen 
small lesions of the cortex of the convexity near the motor area cause 
a loss of sensation, sometimes temporary, sometimes permanent. 

Tliis loss of senssition is usually limited to one side of the face or to 
one limb in cas(» of cortical disease for the same reason that paralysis 
in cortical disease is more commonly of the monoplegic than of the 
hemiplegic variety. A loss of sensation in the entire side of the liody, 
term^ hemiausesthesia, is more commonly caused by a lesion of the 
sensory tract within the brain than from disease of the cortex. 

Irritation of the Cortical Centres for Touch ciiuses a sensation of 
tingling in the part of the body which corresponds to the centre affected. 
This is termed paresthesia. It has been alretuly alluded to as a fre- 
quent warning and as a constant accompaniment of Jacksonian epilepsy, 
under which circumstances it is a temporary symptom. It is frequently 
observed as the result of slight disturlMnccs of circulation in the cortex, 
and hence is a prodrome of apoplexy. It occurs as a permanent symp- 
tom in cases of pressure on the cortex, and hence is found in cases of 
cortical clot and of cortical tumor. The tingling, when tempomry, is 
often followed by a slight temporary anaesthesia, and when permanent 
is always attended by a slight tactile ansesthesia. 

Disturbance of the sense of touch includes both superficial sensiitions 
of touch, temperature, and pain, and deep sensations of articular and 
muscular sense. There is no question that these different elements in 
the sense of touch are independent of one another, and it is certain that 
they are transmitted to the cortex by different sensory tracts which we 
shall presently trace. There is every rmson to believe that they are 
received in different neurones of the cortex, for clinical experience 
teaches that one sense may be lost when others are preserved. Thus 
in one of my cases of apoplexy the patient lost the sense of temperature 
alone on one side ; in another case the patient could perceive cold sen- 
sations only, and had a constant feeling of cold, but could not perceive 
warm sensjitious ; in still another case sensations of temperature and 
pain were lost, while touch was preserved in one side. In two cases ‘ 
of operation upon the cortex I have seen a complete loss of muscular 
sense in the arm as the result of a small lesion in the superior parietal 
lobule just l)ehiud the motor area The first of these cases was in a 
man, aged twenty-one years, who had a fracture of the left parietal 
bone at the age of five yciars, and a severe fall on the head at the age 
of sixteen years. For five years he had suffered from intense pain in 
the left parietal bone about half-way from the boss to the median line, 

‘One of these is reported in the American Journal of the Medical Sciences, Nov., 
1894, with McCosh. The second cose lias been recently seen with him at the Presby- 
terian Hospital. 
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a point that at the operation was found to be just over the junction of 
the superior and inferior parietal lobules. (Fijr- 49.) The pain, 
though constant, was subject to great exacerbations about once a week, 
in which he would become maniacal, violent, and abusive, and some- 
times unconscious. He had little memory of his acts when the attack 
was over. Prior to the operation he had no paralysis, ataxia, or loss 
of sensation. Trephining at the seat of pain reveale<l an angioma three 
quarters of an inch in size, limited to the pia mater, as the brain cortex 
appeare<l normal. In removing this the brain was slightly lacenited 
by the passage of the nealles carrying ligatures to tie tlie veins and by 


Fig. 49. 



Situation of a tumor canaing loss of muscular souse and ataxia in the right band, 
with astcrcognosls. 


an exploratory puncture to ascertain the possible existence of a cyst. 
Recovery from the operation occurred, but immediately after it and for 
six weeks a state of marked ataxia was present in the right hand with 
a loss of muscular sense. All purely coordinated movements were 
impossible ; an attempt to place the finger on the nose failed, the finger 
being carried to the ear or far to one side or above the head. He was 
unable to tell with closed eyes wliat position had been given to the 
fingers, and was unable to reproduce such positions in the left hand. 
There was no loss of power. Tactile and temtierature senses were keen. 
The muscular sense returned gradually, and he has been perfectly well 
for the past seven years. The second case was almost ideuticid, a cyst 
being found and removed from the same location with little injury to 
the cortex, but with the production of temporary ataxia in the hand. 
I have often seen a mark^ afiixia from cortical lesions associated with 
hemiantesthesia, but these two cases were without other motor or sensory 
symptoms. While, therefore, there is every reason to believe that the 
cortical centres for the perception of touch, temperature, pain, and 
muscular 8en.se are independent of one another, so far as our present 
knowledge goes, it is neceasary to locate them grossly in the same 
locality, viz., near to, but behind, the motor zone. It is jwssiblc that 
various layers of the cortical neurones possess difTcrent functions, but 
this is only a hypothesis. 

The characteristics of cortical hemiansesthesia arc its common associ- 
ation with hemiplegia, the limb which is most paralyzed being most 
anaesthetic. But there is no necessary relation between motor and sen- 
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sory disturbance, as either may occur alone, or one may be intense 
while tlie other is slight. 

The ansBsthcsia from cortical lesion is never total. Each side of the 
body is connected with both hemispheres of the brain, though the 
crossed connection is far more complete than the direct one. Hence 
a slight degree of sensibility in the aneesthetic side is always to be 
found, especially in cases of any length of duration. Cortical anses- 
thesia usually subsides gradually afiier a lesion, and the sensibility 
returns in part even if not wholly. Dejerine noticed that this was 
more common in young persons than in middle-aged or old ones. The 
anaesthesia from organic lesions is always most intense in the distal 
part of a limb; the fingers and liand are more insensitive tlian the 
forearm, and this than the arm or trunk ; the toes and sole arc more 
insensitive than the leg, and this than the tliigh ; the fiice is more in- 
sensitive than the neck or trunk, and the lips are the most insensitive 
part of the face when it is affected. There is no sharp limit to the 
anaesthesia, it fades gradually into an area of moderate sensation. 
Dejerine calls attention to all these characteristics as enabling one to 
distinguish it from the anaesthesia occurring in hysteria. This latter 
is often found without paralysis, is absolute, does not disappear gradu- 
ally, is of uniform intensity in the entire side, and is often associated 
with concentric diminution in the visual field of the eye on the anaes- 
thetic side. 

Tests of Sensation. — Touch is to be tested by cotton-wool or by a 
camel’s-hair brush or by the fingers of the examiner, the two sides of 
the body being touched simultaneously in symmetrical places, and the 
patient being requested to compare the two sensations. Temperature 
sensations may be similarly tested, test tubes with hot and cold water 
being used. Pain sense may be tested by needles or by a faradic 
brush. Muscular sense may be tested by the use of differently 
weighted balls or coins held in the hands and compared, or by weights 
being placed on the hands which are supported, each side being tested 
separately or the two together. The sense of position may be tested 
by giving a position to one limb or hand and asking the patient to 
reproduce this in the other side. If, for example, the right hand is 
put in a clenched position and the blindfohied patient cannot detect 
that he mast clench the left one in order to imitate this position he 
has a loss of muscular sense in the right hand, for the error lies not in 
the power of movement but in the perception of the kind of motion 
necessary. A further test may be made by demanding the execution 
of accurate and coordinated movements, such as picking up a pin, but- 
toning the clothes, tarrying a glass of water to the mouth. 

The cortical sensory area, in the act of handling any object, receives 
simultaneously numerous tactile and temperature sensations associated 
with the sensations of pressure and of weight and of the position of 
the fingers involved in feeling the object. These sensations leave 
behind them a permanent trace in some physical change in the cortical 
ctdls. They are combined into a sensory memory of the object, so 
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that following the acquisition of this complex sensory mental picture 
we can recognize the object by the sense of touch, even if we do not 
see it. Thus we have tactile memories of objects such as an orange, 
a rose, a bell, a pen, which enable us to call them to mind and to rec- 
ognize them when felt. This power of recognizing objects by touch 
has been named stereognosis. It is evident that the stereognostic 
sense is not a simple thing, but involves a simultaneous activity in a 
large number of different tactile sensory neurones which are grouped 
together. The recognition of an object by it is comparable rather to 
the recognition of a melody in music as distinguished from a single 
note. This is one of the functions of the portion of the cortex con- 
cerned in tactile sensations. And in fact, when we consider our sen- 
sations for a moment we perceive that it is always some definite object 
which we recognize in perceiving a tactile sensation rather than the 
sensation alone. It is the touch of a finger, of a pin, of cotton-wool, 
of a hard weighty object rather tlian touch or firmness or weight which 
we feel. These abstract qualities of objects arc only known by a 
process of analysis and synthesis, a process of generalizing from a 
large array of particulars. The thing which we primarily feel and 
recognize by touch is not a qutdity, it is an object. It is ncccssiiry, 
therefore, to regtird the sensory area of the cortex as the storehouse of 
tactile memories of objects just as we regard the motor area as the store- 
house of motor memories of combinations of motion. The loss of the 
power of recognition by touch has been named astereognosis. 

The majority of our tactile perceptions are acquinsd through the 
liand. We have few memories of facial or pedal sensations, and prac- 
tically none of the trunk. Hence the tactile memory aresi is more 
extensive in the middle third of the posterior central convolution and 
in the adjacent jairt of the inferior parietal lobule. (Fig. 60.) RckI- 
lich ' (1893) collected twenty cases of lesions limited to this arcji which 
had been attended by astereognosis, and Walton * has recwitly sup- 


Fig, 50. 



The area of the cortex In which a lealon causes astereognosis. 

ported this view by other cases. The area involved is somewlmt 
higher than the supramarginal gyrus, which obviates the objection of 
Dejerine that in lesions there he has not seen the symptom. 

‘Wiener klin. Wochen., 1893. 

‘Brain, 1901. 
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A loss of tactile memories may therefore occur as a symptom of 
disease in the sensory area of the cortex, and it is a valuable localizing 
symptom. It forms a part of the condition of apraxia, to which we 
shall allude later. It is the essence of the condition of astereognosis. 

Astereognosis is to be elicited in a patient by placing various objects 
one after another in tlie hand, the eyes being closed, and asking their 
names and ascs. Eiich hand must be tested separately as each hemi- 
sphere contains its own set of memories. If aphasia is present names 
may not be given, but by signs a patient can usually indicate whether 
he recognizes an object and its uses by touch. 

Sensory Symptoms tiom Subcortical Lesions. — Hemianaisthesia, hemi- 
analgesia, hemithermo-ansesthesia, and hemiataxia may be protluced not 
only by lesions in the sensory area of the cortex, but also by an inter- 
ruption in the sensory tracts conveying these sensations from tlie body. 

In studying diseases of the spinal cord we have alreiuly seen that 
these sensations ascend by separate tracts. Tactile sensations ascend 
partly in the posterior columns and partly in the antcro-lateral tracts. 
Temperature and pain sensations ascend in the antero-Literal ascend- 
ing tract. Muscular sensations ascend partly in the posterior columns 
and partly in the direct cerel)ellar columns. (See Figs. 23 and 24, 
page 67.) 

It is necessary to trace these various tracts upward from the coni to 
the cortex of the sensory area. The sensory tracts are not as direct 
and continuous as the motor tracts through the nervous system. Tiie 
study of ascending degenerations in the spinal cord, cerebral axis, and 
brain has shown that such degenerations, though intense and extensive 
just above a transverse lesion, become less so the higher we get, and 
hence we conclude that the short tracts greatly outnumber the long 
ones. In fact, we do not find continuous sensory tracts from the cord 
to the cortex. We have a series of short connecting tracts interrupted 
by gray masses, and a moment’s consideration shows the reason of this 
anatomical arrangement. The effect of a sensation in any part of the 
body, especially if it be of sufficient importance to give rise to pain, is 
not merely a conscious perception. The primary effect is a multitude 
of reflex actions entirely below the sphere of consciousness. Thus an 
ordinary painful impression results in the witlidrawal of the limb, is 
setting up of vasomotor and trophic reflex acts, or, if the irritation be 
kept up, of a general sense of uneasiness throughout the body, even 
complex reflex acts to remove the source of psiin, a quickening of 
respiration and pulse., a facial expression of discomfort, and even auto- 
matic cries. All these effects can be produeajd in an animal whose 
cortex is removed and in a man asleep or under ether. It is therefore 
evident that an intense sensory impression may throw into activity the 
entire sulnjortical nervous system, or, in other words, may be distrilj- 
uted to a multitude of motor mechanisms in cord and cerebral axis and 
subcorti<‘al giiuglia in addition to awakening cortical activity and ctius- 
iug a conscious perception. This effect could not be attained were the 
sensory tracts from one region of the body to the cortex continuous 
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and single. It could only be attained by an arrangement which pro- 
vides for the termination of a single sensory tract at various levels, a 
mechanism which disseminates a single sensation to a number of differ- 
ent moto rcentres. The diagram (Plate I., frontispiece) shows the ex- 
istence of a sensory tract made up of a numlKir of segments each joined 
to the next, but each having inter[K)lated between it and the next a 
neurone capable of turning aside some of the impulses received into 
side channels. 

The Sensory Tract. — With these facts in mind it is possible to trace 
the sensory tract upward and to understand the symptoms which will 


Fio. 62. 



The projection tracts Joining the cortex with lower nerve centres. Sagittal section, showing the 
arrangements of tracts in the internal capsule. A, tract tfbm the frontal lolie to the anterior half of the 
capsule, thence in jwrt to the optic thalamus. A*, and in jiart to the pons, and thus to the cerebellar 
hcniispherc of the opposite side ; B, motor tract from the central convolutions to the facial nuclcns in 
the pons and to the spinal cord ; C, sensorf tract from posterior columns of the cord, through the pos- 
terior (lart of the medulla, jmns, crus, and capsule to the parietal lobe ; D, visual tract from the optio 
thalamus (OT) to the occipital lobe ; E, auditorjr tract from the Int. geniculate body (to which a tract 
passin from the VIII. nucleus) to the tem|K>raI lobe ; F, superior cerebellar peduncle ; O, middle 
ocrcliellar iicduiicle ; If, Infcriorccrnbellarpoduncle; CM, caudate nucleus ; CQ, corpora quadrlgemlna. 
The numerals refer to the cranial nerves. 


present thcmsclve.s when it is injured. It will then be clear that from 
the distribution of the symptoms of aneesthesia it is often possible to 
locate a lesion in the sensory tract. 

1 . The Tract of Muscular Sense. — The posterior columns of the cord 
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end in the nuclei grocilb and cuncatus of the medulla (Fig. 53), each 
axone terminating in a brush about tlie neurone bodies which form 
these nuclei. From these neurones axones pass upward, crossing over 
in the sensory decussatiou to form the opposite intei’olivary tract which 
lies between the olives. The hyjmglossal nerves on their way from tlic 


Fig. 63. 



The tract of muscular sense— the Interollvaiy tract. 


nucleus to their exit lie on the outer side of this tract. Ascending in 
this tract the sensory fibres enter the lemniscus, which lies in the pons 
Varolii behind the pyramidal tracts and deep transverse fibres. Many 
axones branch from the lemniscus to end about neurones lying in the 
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gray matter of the jwns, both in the floor of the ventricle, in the 
forinatio reticularis, and in the deep gray matter. From these neu- 
rones again enter the lemniscus to ascend. The lemniscus ascends 
(Fig. 54) through the crus cerebri, where it curves about its lateral 
surface, sending nuuiy of its axones into the corpora quadrigcmina 

Fio. 64. 



The tract of niiisciiliir eenM! — the leiiinlscim. 


]K)8terior and anterior, then sinks into the base of the brain, and, pass- 
ing through the lower part of the internal capsule, terminates largely 
iii tlie optic thalannis in its outer nucleus. (Fig. 52.) It is possible 
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that nil the lemniscus fibres end there. It is possible that some pass 
up through the capsule aud turn outward to end in the cortex of the 
posterior central convolution and adjacent parietal region. It is pos- 
sible that the only sensory fibres entering the cortex come from the 
optic thalamus, but many authors have traced the lemniscus directly to 
the cortex, at least in part. 

In 1884 I showed,* by an analysis of twenty-six cases of very small 
local lesions limited to the medulla and pons, that an interruption in 
those fibres either (1) in the posterior columns of the cord ; (2) in the 
interolivary tnict; (3) in the lemniscus, or (4) in the internal capsule 
where the lemniscus passes produces a condition of atiixia and loss of 
the muscular sense in the limbs of the opposite side. Since that date 
many similar cases of small lesions in the lemniscus have been reported 
with the same result. Hence it may be stated tliat this is the tract of 
muscular sense aud that a lesion of this tract causes ataxia. 

If, therefore, hemiataxia, not of cortical origin, <K!cnrs, the conclu- 
sion csin be drawn that the lemniscas is affected. The position of the 
lesion in the course of the lemniscus can be determined only by a 
study of .other symptoms coincident with the ataxia. As the medulla, 
j)ons, and crura arc very small and contain the nuclei of the various 
cranial nerves at different levels some symptoms refeniblc to an atfee- 
tion of one of these cranial nerves will usually enable one to locate the 
lesion. Thus, if there is oculomotor paralysis with hemiataxia the 
lesion is in the crus. If there is trigeminal anscsthesia or facial palsy 
with hemiataxia the lesion is in the pons. If there is auditory or 
hypoglossal paralysis the lesion is in the medulla. The figures indicate 
the course of this tract aud its relation to the various cranial nerves. 

2. The Tract of Tactile, Pain and Temperature Senses. — The aseemd-' 
ing sensory fibres in the lateral columns of the spinal cord which convey 
thcsci sensjitions pass directly into the corresponding portion of the 
medulla oblongata which is known as the fonnatio reticularis. This 
is shown in Fig. bS. It is made up of the interlacing of three sets 
of fibres : (a) transverse, the commissural fibres of Uie medulla, pons, 
and cerelxdlnm ; (6) vertical, tlie cranial nerve fibres ; (c) longitudinal, 
the sensory tract; and hence, however it is cut, it appears as a net- 
work or reticular formation, whence the name. It is strewn with 
isolated ncun>ne bodies and has collections of these at many points; 
thus the nucleus ambiguas, the superior olive, the nuclei of the lem- 
niscus, and the red nucleus are collections of neurones lying in this 
formation. The fbrraatio reticularis is continuous from the medulla 
through the pons and into the crus, whence its fibres enter the internal 
capsule. Through this formatio reticularis many fibres psiss up and 
some fibres end. Prom it many ascend through the crus to enter the 
optic thalamus. The formatio reticularis, therefore, contains a long 
ascending tract. The sensations scut along this from the spinal cord, 
like those in the lemniscus, ptiss either indirectly by way of the thala- 
mus or directly by way of the internal capsule to the sensory cortex. 

* Journal of Nervous and Mental Disease, July, 1884. 
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The ascendiug tract of Gowers in the spinal cord takes the same course 
into the formatio reticularis, but its termination is not yet certain. 

In the outer third of the formatio reticularis is found a column of 
small cells of peculiar structure, resembling the substantia gelatinosa 
of the posterior horn of the spinal cord, and in this column terminate 
the fibres of the sensory part of the trigeminal nerve (Fig. r)(i) which 
turn downward after entering the pons Varolii. Thus the outer }M>rtion 
of the formatio reticularis contains the sensory tract from the face of 
the same side. 

Lesions of the formatio reticularis interrupt the sensory tract and 
cause autestlicsia. It is evident from 


the diagram that a lesion which in- 50. 

volves the formatio reticularis on one 

side of tlie pons and medulla will pro- \ / 

duce an alternating aneesthesia — i. e., \ V ,'lli / 

loss of sensation in the face on the side \ ,^y'/ / 

of the lesion and in tlie botly on the 

other 8i<le. Alternating aueesthesia is 

as characteristic a symptom of lesions . 

of the formatio reticularis of the pons 
and medulla as alternating paralysis is jlkff 

of lesions in the motor tract in the pons. ij^ 

In the upper part of the pons the 
sensory tract from the face crosses the Wj iljW 

median line, and hence a lesion in the % 'w 

formatio reticularis in the upper third | ‘W 

of the jams, or in tlie crus cerebri, or ' 

in the internal capsule will produce a II 

unilateral hemiansesthesia. A Icssion 
involving both halves of the formatio 
reticularis will pi-oduee bilateral sen- 

^ The sensory tract in the enw, pons, and 

SOry SyniptoniS. mcdulla, sbowliiK nucleus anil roots of V 

The diagrams show the relation of hrmiaimB- 

tl.M imct to tlie <«»»] eerve* which 
make their exit tlirough the formatio 

reticularis. A lesion which is situatiKl in the cnis, {Kins, or medulla, 
causing anoisthcsia of the bialy, will also cause some symptoms refer- 
able to one or more of the cranial nerves, and hence such a lesion can 
rca<lily be locsilizcnl. 

Hemianeesthesin is usually due to a lesion of the semsory tract in the 
internal capsule, where it lies either just behind the motor tract or 
mingled with it. Such a hemiansesthesia is usually attended by hemi- 
analgesia and hemithermo-anajsthesia and often by hemiataxia. A 
dissociation of sensations, that is, the loss of either touch, pain, or tem- 
perature sense alone, the others being intact, has not been observed 
after lesions of the internal capsule. Hemiansesthesia from lesions of 
the capsule is rarely absolute, for the sensory decussation is not a com- 
plete one, and sensations from one-half of the body are sent to both 


The ftonsory tmet in the cruH, |ionis aq^ 
medulla, showing nucleus unil routs of V 
nervo. At lesion causes right hemiaiues- 
thesia; /i, lesion cnu.se8 allernating henii- 
aDsesthesia ; left face and right side of body« 
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heraispheres of the brain. As a nile, the entire half of the body is 
anaesthetic after a lesion of the capsule. But as the sensory tract 
ascends to the tsortex from tlie ciipsule its fibres spread out like the 
sticks of a fan, those transmitting sensiitions from the leg passing up- 
ward to the summit of the sensory area of the cortex, while those 
transmitting sensations from tlie face pass outward to the vicinity of 
the Sylvian fissure. Hence in lesions in the centrum ovale, as in 
lesions of the cortex, oue limb or part of the body may be anaesthetic 
insteiul of the entire side. And the same rule applies to symptoms of 
loss of sensation Jis to paralysis ; that the nearer the lesion to the cor- 
tex the more likely are the symptoms to be limited to a single limb. 
Thus in tlie cases shown in Figs. 41 and 42 there was a loss of sensa- 
tion as well as of motiou in the hand and arm of the opraisite side. 

When the close approximation of the sensory to the motor tract 
throughout its course is considered it is no longer a matter of surprise 
that in the majority of cases of brain disease a loss of sensiition attends 
paralysis. It is to be noticed, however, tliat in all this course the sen- 
sory tract lies behind the motor tract. If, therefore, a lesion is ad- 
vancing from behind forward in the brain sensory disturbance precedes 
paralysis, but if the lesion is advancing from before baekward, paralysis 
precedes anaesthesia. This observation has an important bearing upon 
diagnosis, for it sometimes enables one to determine whether the dis- 
ease under view is a progessive or a stationary one, and, if progressive, 
to settle the direction in which it is extending. (See Fig. 52.) 

3. The Cerebellar Tract from the Spinal Cord. — The direct cerelicllar 
tract from the cord turns through the corpus rcstiforme of the medulla 
outwartl and goes directly to the cerebellum. (Fig. 53.) Some 
fibres from the nuclei gracilis and cuneatus of each side join it in the 
corpus rcstiforme and end with it in the cerebellum. It is also joined 
by fibres from the opposite olivary body. These tracts, therefore, do 
not reach the sensory cortical centres, and hence impulses pissing along 
them have nothing to do with sensations of touch, temperature, and 
pain, or with those muscular sensations which are destined to guide 
volunhiry movements. They arc concerned in the transmission of 
those mu.scular sensations which arc essential to the control of equi- 
librium, as we shall see later when we consider the connections and 
functions of the cereliellum. It is not to be foi^tten, however, tliat 
in lesions affecting the medulla and pons this tract may be injured, and 
thus vertigo and staggering may be produced. 

Disturbance of Vision is a local symptom of cortical disease of the 
occipitid lobe of the brain and of the visual tract from the eyes to it. 
The optic nerves fiass from the eyes to . the optic chiasm. A partial 
decussation of the optic fibres occurs in the optic chiasm, leading to 
the junction in the optic tract of fibres from the corresponding half of 
both «yes. For this reason cerebral blindness is always a hemianopsia 
or blindness in one-half of both eyes, each hemisphere of the brain 
receiving impressions from the opposite visual fields. The exact 
anatomy of the optic nerv’es and optic tracts will be considered in 
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Chapter XXXV. Suffice it here to mention that each optic tract 
ends in the pulviuar of the optic thalamus, in the external geniculate 


Fio. 57. 



The visual traet The result of a lesion anywhere between the optic chiasm and the cuncua Is to 
produce homonymous hemianopsia. H, lesion at chiasm causing bilateral temporal hemianopsia ; 
lesion at chiasm causing unilateral na.sul hemiano|>sia ; T, lesion at chiasm causing unilateral temporal 
hemianopsia; SN, substantia nigra of crus; L, lemniscus In crus; IlN, red nucleus; HI, third 
nerves. 

hotly, and in the corpus (lujidrigcminiim anterior (Fig. 67), and that 
from these ganglia the visual tract issues into the posterior fifth of the 
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internal capsule, and turning backward in it passes through the cen- 
trum ovale, outside of tlie posterior horn of tlie lateral ventricle, and 
terminates in the cortex of the occipital lobo. The exsict termination 
of these fibres is iu the cortex about the calcarine fissure and iu the 
cuneus, a wedge-shaped lobule on the median surface of the hemi- 
sphere. (Fig. 58.) But the convolutions of the convexity of the 
occipital lobe are also concerned in the reception and storing up of 


Fig. 68. 



Lealons of the occipital lobo caualng hciniauopaia. (From Ilenscbcn.) 


visual impreasions, and hence lesions in any part of the occipital cortex 
are productive of hemianopsia. 

There seems to Ix! a projection of the visual field to some extent 
upon the cortex of the cuneus, for small lesions there may cause small 
8(.*ctor-like defects in the visual field. Henschen, in his elaborate work 
on the pathology of the brain, has confirmed this conclusion, which 
Wilbraudt and Huu had reached from a smaller number of cases. 
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Fig. 58, 17 , shows the location of the lesion in Hnn’s case. The 
defect in tlie visual fields in tins patient w:is limited to the up{)er 
quadrant. Lesions in the upper part of the cuneus (;ausc blindness in 
the lower quiidrant of both visual fields, and lesions in the lower jKirt 
of the cuneus cause blindness in the upper quadrant of botli visual 
fields. It is rare for a lesion, however, to be so exactly limited as to 
cause tills effect. As a nile, lesions anywhere in tlie occiipital lobe 
produce hemianopsia. Supei-fieial lesions in the o«!i 2 )ital cortex may 
cause a loss of color vision only, hemichromatopsia, which nwy hie 
jmrtial, that is, limited to one or two colors only, or total. Such 
cases are very rare and are usually soon followed by hemianopsia. A 
few cases have been reported of bilateral lesions causing double 
hemianopsia. In one such ease central vision was preserved (Forster), 
in otliers the blindness was total. Toted blindness has also been 
caused by a maldevelopment of the occipital lobes of the brain, as in 
cases rejwrted by HaiiB and Spiller. 

Lesions of the cortex produce defects of the visual field that are 
symmetricjd in both eyes, as shown in Fig. 50. 

Psychical Blindness. — The loss of the power of vision is attended by 
a loss of visual memories when the lesion is cortical, and hence the 


Fig. 58. 
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Tlie viiiuiU CelcU iu u case oflea Iniiuuuyiuaus bonilano|>!iiit ol cortical origin. 

recognition of objects seen is imperfect, anti the mind cannot recall the 
appcarancie of things formerly familiar. Thus I have known piticnts 
who, after such a lesion, did not retiognize the members of their family 
by sight, though they recognized them by the sound of their voiees. 
This eondition is known as psythitral blimlness. The patient fails to 
recognize objects, and cannot retsill them to mind. 

It would seem, from a study of more or less extensive lesions in the 
occipital cortex as if the memories of things seen were largely located 
in the left hemisphere iu right-handed and iu the right hemisphere in 
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lefl-handed persons, thus accoixling with the location of our memories 
of speech. At any rate, the loss of these memories is much more fre- 
quent when the left hemisphere is destroyed. 

The major part of our knowledge of objects is acquired through the 
sense of sight, and a moment’s thought will convince one not only that 
the extent of cortex occupied by mcmoiy pictures must be great, but 
also that it must be increasing daily tlirough life. The only definite 
conception we can have of this pr(K:ess is that, while all objects are 
originally perceived through impressions sent to the cuucus, the 
memories of these objects are stored iu secondary centres outside of the 
cuneus in the occipital cortex. Hence the lui^r the number of things 
seen and remembered the greater the area concerned in vision in any 
individual. 


Fig. 60. 



The area of the cortex In which a lealon causes psj^chlcal blindness. 


The condition known as p.sychical blindness is due to a lo.ss of these 
memories and is diagnostic of a lesion of the cortex of tlie occipital 
lobe. It occurs from a lesion of the convexity as well as from a lesion 
of the cuncus. It is usually attended by hemianopsia, always when 
the cuneus is destroyed. (Fig. GO.) 

Word-blindness. — There is a special class of visual memories, those 
that make up our knowledge of written and printed language, which 
have a special location. This is in the junction of the occipital and 
parietal regions in an area known as the angular gyrus. Ivesions in 
this locality cause a loss of tlie memory of words as seen ; hence an 
inability to read. This symptom, while really a part of p.sychical 
blindness, is termed word-blindness, and may occur without psychical 
blindness. It is often accompanieil by hemianopsia, because a lesion 
in this locality, if not altogether superficial, may involve the visual 
tract which lies beneath the cortex here. This is shown in Fig. 185. 
But word-blindness may^ occur alone without hemianopsia. It may 
be attended by hcinianmsthesia or hemiatnxia, but in such cases the 
le.sion involves the cortex m front of the angular gyrus. Fig. 189 
shows the exact extent of the lesion causing wonl-blindncss in siif ca.ses. 
Patients suffering from wonl-blinduess not .only lose the power of read- 
ing, a condition termed alexia, but sometimes lose also the power of 
Avritiug, a condition termed agiaphia, being unable to call up the 
proper motor images needed to form the word. Yet there are cases on 
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record where alexia has occurred without agraphia, and I have seen 
two patients who could not read what they hud just written. In such 
cases one must imagine that the sound of the word as mentally pro- 
nounced awakened the motor memory of its production in s{)eeeh and 
in writing, even when its appearance could not be recalled. Word- 
blindness is an importsint division of sensory aphasia. 

Visual Aura. — Irritation of the occipital cortex produces forced re- 
vivals in consciousness of visual memories. These may eonsist simply 


Fig. G1. 



(Broadbent.) (Bcrnhe'.m.) 

Situation of lesions causing wonl-blinUness ; alexia. 


of flashes of light or color or of actiial images. They are known as 
visual hallucinations when. consciousness actsepts them as real and docs 
not distinguish them from actual objects seen. Such hallucinations 
often precetle a Jacksonian epilepsy and are known as visual aurte. 
They are, as a rule, unilateral, the hallucination appearing on the side 
opposite to the lesion. They are analogous to the tingling sensations 
known as the signal symptom in localized spasm. They are sometimes 
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followed by temporary hemianopsia, the excitement of the cortical 
neurones causing an exhaustion. 

It is probable that the visions of delirium, whether due to poisons, 
such as alcohol, opium, or cannabis iudica, or due to inflammation of 
the membranes of tiie brain or of the brain itself, are produced by 
irritation of the visual area of the cortex. 

Subcortical Hemianopsia. — Hemiiiuopsia may be due to a lesion in 
tile visual tract beneath the cortex or to a lesion in the basal ganglia 
in which the optic tract terminates. In this case the limit of blindness 
in the visual field is usually less extensive and less symmetrical in the 
two eyes than when the lesion is cortical. In cortical hemianopsia the 
line of limitation of vision is usually vertical and passes within one or 
two degrees of the point of central vision in both eyes. In subcortical 
hemianopsia the line is irregular and passes from five to ten degrees 
outside the point of central vision in both eyes. (Fig. 62.) 

Fig. 62 . 

COS COD 


.V 


ri 

The Wnia] flclda In leU homnnymous heiuUno]Wla due to a auhcortical lesion. 

Heiniano])sia due to subcortical lesions is usually attended by other 
symptoms. Thus if it is right hemianopsia and the lesion is just 
beneath the cortex at any point in the temporo-occipital radiation some 
form of word-blindness or aphasia is a very common symptoni. If the 
lesion is in the region of the internal capsule or optic thalamus, hemi- 
ataxia or hemianiesthesia is very often an associated symptom. This 
is due to the proximity in this locality of the sensory tract. Hemi- 
plegia may also accompany it from the same cause. If the hemianopsia 
is due to a lesion in the corpus gcniculatum externum the fibres of the 
corpora quadrigemina are involved and the reflex acts of the pupils 
are affected as they are in lesions of the optic tract. Then the 
hemiopic pupillary reflex of Wernicke can be elicited. (See Chapter 
XXXV.) Lesions limited to the coiqiora quadrigemina, while cans' 
ing di.sturbauces in the movement of the two eyes, double vision, and 
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impci'fect pupillary reflexes, do not, when alone, cause any loss of 
vision. They produce vertigo and a sta^cring gait, like cerel)ellar 
disease, from implication of the red nuclei lying under the coi'pora 
qundrigemina. 

Hemianopsia may be due to a lesion in the optic tract on one side. 
It is then associated with Wernicke’s hemiopio pupilkry reflex. (See 
page 621.) The optic tract lies upon the crus, and lesions affecting it 
often simultaneously affect the motor tract, an<l cause hemiplegia, and 
also involve the oculomotor nerve, causing ptosis and double vision 
(sec page 632). The forms of hemianopsia duo to lesions in the optic 
chiasm are described in Chapter XXXV., page 620. 

licsions of the occipital lobe, or of the internal civpsule, or of tlie 
basal ganglia do not cause blindness of one eye, as wsis formerly held 
by Charcot and Fcrrier. A blindness in one eye or a concentric 
diminution of the visual field of one eye is due cither to fun<;tional 
disturbance (hysteria) or to a lesion of the optic nerve, visible by the 
ophthalmoscope. 

Disturbance of Hearing is rarely due to disease in the brain unless 
this disease affects both temporal lobes or the traiits to them. Each 
car is connected with both tcm])oral lobes, hemee a unilateral lesion 
fails to cause total deafness, and there is no such thiug as a partial 
cortical deafness to high or low sounds or tones which might be 
analogous to hemianopsia or hemiclmjuiatopsia. A (^rtical deafness, 
therefore, has not been observed excepting in a few rare cases where 
both temporal lobes have been destroyed. In these cases the patient 
has become totally deaf. The exact locali/.ation of the auditory centres 
is in the middle pirt of the first temporal convolution, and extends to 
the adjacent cortex within the Sylvian fissure and over the convexity 
into tiic second t»!mpor.al convolution. In ciises of congenital deaf 
mutes these parts are found to be atrophitnl. In some (iases of irritat- 
ing lesions of this area Jacksonian attacks of epilepsy have l)e(!U pn;- 
cechid by an auditory aura, loud sounds, bells, whistles, etc., being 
heard just as the attack was coming on. 

Psychical Deafhess. — Our auditory penseptions, like those of sight, 
leave behind them a trace which constitutes our auditory memory. 
We have such memories of sounds, of musical melodies and harmonies, 
and also of words heard. Hence lesions in the auditory area may 
deprive a patient of these memories, even though he may retain his 
power of hearing. It is an extraordinary fact that our memories of 
things heiird api)ear to be storiKi in one hemisphere only, the left in 
righkhanded and the right in Icft-hamled persons. Hcinse psychical 
deafness and amusia and word-deafucss are symptoms of a unilateral 
lesion of the temporal cortex. 

A [Hiticnt with psychical deafness no longer recognizes any noise or 
sound. The bark of a dog, the cry of any animal, the sound of waves, 
or bells, or whistles, the voice of a familiar person no longer awakens 
recognition, and such sounds cannot be called to mind. 

A patient with amusia, which is a variety of psychical deafness, no 
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longer recognizes melodies and harmonics with which he was familiar. 
He no longer takes pleasure in hearing music or operas in which he 
may formerly have delighted, and all music seems to him new and 
strange, lie cannot call to mind fiimiliar tunes, and hence cannot sing 
or hum them. 

Word-deafoesB. — A patient with word-deafness, which may occur 
indei)endently of or in connection with amusia and mind-deafness, is 
no longer able to recall the names of objects, and is no longer able to 
understand spoken language. He is like one who hears an unknown 
tongue. He hears the sounds of voices, but attaches no moaning to 
what is said. He may be able to read and he may be able to speak in 
the sense of saying words correctly, but he usually talks jai^on, as the 
sounds no longer guide his talking. This is the second and more 
common form of sensory aphasia. 

Our auditory memories of words are the first to be acquired in 
infancy, and long before an infant can talk he has learned to associate 
the sound of names with their corresponding objects. The memory 
pictures of objects, acquired chiefly by sight, but also by all other 
senses, are the fundamental basis of thought in all aninial.s, and these, 
grouped together, form the concept of each object which they know. 
To this concept is soon joined by association the sound of its name; 
later, in man, the motions needed to produce this sound arc learned ; 
lastly, the apjKarance of the letters making this word, and finally, the 
motions necesstiry to write the word. Tiie auditory memories are not 
only the first sj)eech elements acquired, they are the most important. 
Reding and writing arc subordinate to speech, a result of the later 
evolution of language, and are an evidence of cduciition, not of natural 
acquisition. The sound of objects in nature has been taken to indicate 
these objects in the eiirly evolution of speech, and is still so in the ckIu- 
cation of many infants. The baby learns “ bov/-wow ” before it learns 
“ dog.” The study of language reveals that a large number of words 
— €. ff., murmur, whisper, putf, bang — have a similar origin.* As 
our knowledge of the names of objects is constantly growing, as we 
acquire new languages, it is evident that our auditory memories arc 
constantly increasitig in number. We must believe, therefore, tlnit the 
corti(!al area in which they are stored varies in size in different persons, 
according to the degree of education in language. This is proven by 
cases of gradually advancing disejises in this aresi. I have a patient 
who, as such disease went on, lost first his memory of English, then of 
German, and finally of French, the latter being his native tongue. 
The names of objects first acquired appear to persist longest in memory. 
Thus a patient who is wonl-desif will ofiten comprehend single words 
when he cannot understand a sentence, and one finds one’s self upcon- 
soiously talking to an aphasic very much as one talks to an infant. 
The condition of word-deafness may be and usuiilly is incomplete, some 
words Iwing recognized and remembered and others forgotten. Some 
patients retain nouns, but forget adjectives and verbs and prepositions. 

* French, On the Study of Words. Macmillan & Co. 
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Others lose all nouns and talk in roumlalwut phrases. Thus one of 
my patients could not name a knife or a scissors, but said “ it is tlie 
thing you cut with.” Occasionally all the wo^-memorles are lost 
and nothing that is heard is understood. 


Fig. 63. 



(Seppini.) 

Situation of icaions causing word^lcafncss j sensory aphasia. 



The lesion of word-deafness is located in the cortex and subcortical 
region just ben^ith it in the first and setiond temporal convolutions, an 
areti a little wider than that <!oncerned in hearing alone. Fig. 63 
shows die location of the lesion in six cases of this kind. 

The Auditory Tract. — Dtafness from subcortical lesions is a rare 
symptom. Fig. 64 shows the course of the auditory nerve impulses 
from their entrance into the medulla to their termination in tlie cortex. 

The neurone bodies, of which these fibres are the axones, lie in the 
spiral canal of the cochlea. It is the cochlear ilivision only of the 
eighth nerve which has to do with hearing. 

AC, the acoustic nerve fibres, enter the side of the medulla in a large 
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trunk. We can distinguish fourteen different sets of fibres. Many of 
these fibres (1—8) penetrate the medulla opposite the entrance of the 
nerve. Others (9-11) turn upward on entering, and penetrate the 
pons at a little higher level. These various fibres psj&s to different 
destinations; 1 crosses through the olive, turns upward in tlic inter- 
olivary tract, and enters the opposite lemniscus, and piisses up in it; 
2 terminates about a neurone bwly in the vcuti’al nucleus (VEN). 
From this body an axone arises which crosses to the op]X)site side and 
turns upward in the lemniscus ; 3 terminates about a neurone body in 
the ventral nucleus (VEN). From this laxly an axone arises which 
passes upward in the lemniscus of the same side; 4 terminates about 
a neurone body in the ventral nucleus (VEN). From this bo«ly an 
axone arises which passes about tlie outer side of the medulla through 
the tuberaulum acusticum (T), and tlicnce through the formatio retic- 
ularis of the medulla to the raplte, where it crosses to the opposite 
side and turns upward in the lemniscus ; 5 terminates about a neurone 
Iwdy in the dorsal nucleus or tuberculum acusticum (T). From this 
btxly an axone passes through the formatio reticularis into the lemniscus 
of the same side and turns upward in it ; 6 terminates about a neurone 
body in the dorsal nmdens (T). From this bo<ly an axone passes 
through the fonnatio reticularis, crosses in the raplte and enters the 
lemniscus of the 0 ])posite side, turning upward in it; 7 terminates 
about a neurone body in the dorsal nucleus (T). From this body an 
axone paases across the floor of the fourth ventricle in the striie acustiete 
to the raph6, turns downward in it, crosses to the other side, enters 
the lemniscus and turns upward in it; 8 passes through the dorsal 
nucleus into the striae acusticae and accompanies 7 in its course. 

The ventnd nucleus of the auditory nerve con.sists of a long column 
of cells which extend upward into the pons. Hence in a section 
through the lower half of the pons the ventral nucleus is still visible 
(VEN) and the fibres astMjnding from the auditory nerve trunk to 
terminate in or to pass through this nucleus (fibres 9-14) are easily 
traced. The course and ending of these fibres is as follows : 

No. 9 turns inward and ends about a neurone body lying in the 
upjHir olivary nucleus (OL). From this body an axone arises which 
crosses the median line in the trapezium, enters and ascends in the 
oppiKsite lemniscus ; 10 terminates about the neurone body in the ven- 
tiid nucleus, whence a new axone arises and passt's to the olivary 
nucleus, terminating about a neurone body there. From this neurone 
bo<ly an axone arises which joins 9 and pursues the same course ; 1 1 
passes through the ventral nucleus and eiwls about a neurone body in 
the mass of gray matter lying adjacent to but ventral of the lemniscus, 
and dorsid of the olivary nucleus. This is the trapezoid nucleus. 

DRficBiiTios o*' Fio. 64. 

The auditory tract. TU, optic thalamus; INT, int. capsule; Cl, corp. genlcnlatum Int,; TEM, 
temporal lobe ; L, lemniscus; CQA, corp. quadrigeminum ant.; OQP, corp. quad, poet.; R, rod nucloua 
of tegmentum; SX, substantia nigra; CE, oorp. genlcnlatum ext.; P, lies peduncull and pyramidal 
tract ; ND, quelcus of lemniscus ; VEN, ventnd nucleus of auditory nerve ; V, fifth nerve ; OL, olivary 
nucleus; 0, olive; X, decussation of auditory fibres; AC, auditory nerve ftom cochlea; T, dorsal 
nucleus of auditory nerve. 
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From its neurone l)o<lies axones arise, some of which enter the lemnis- 
cus of the same side, but many of which cross the median line to enter 
the lemniscus of tlic opposite side and ascend in it ; 12 terminates in 
the ventral nucleus about a neurone bo<ly. This body sends its axone 
to the collection of neurones lying within tlie deep transverse fibres of 
the pons, the trapezoid body. These neurone bodies in turn send their 
axones into tlie lemniscus of the same and of the oppi^site side ; 13 
terminates about a neurone body in the ventral nucleus. The body 
seiuLs an axone directly into the lemni.scas of the same side ; 14 passes* 
through the ventral nucleus and crosses in the trapezoid from the 
opposite side, wher§ it turns upward iii the iemniscn.s. 

It is thus evident that all the fibres of the a<!Oustic nerve, so far as 
its cochlear division is concerned, transmit their impulscis into the 
lemni.scus of the sjime or of the opposite side. The tripezoid fibres 
may be termed the acoustic detmssation or (diiasm, and, sis in the optic 
ehiasin, tlie majority of the fibres cross to the opposite siile (X). The 
termination of fibres ascending in the lemniscus is very complex. (<t) 
Some fibres terminate about the colls of the nucleus lemuisci in the 
pons (Xu) which nucleus in turn sends axones to the corpora quadri- 
gemiua of the same and of the opposite side (lo). {(>) Some fibres 

terminate about the largi! quadripolar cells of the po.stcrior corpus 
quadrigeminum (1(5) (C(iP). (c) Some fibres terminate about the lai^ 

cells of the first layer of cells in the anterior corpus quadrigeminum 
(17) (CQA). ((/) Many fibres terminate about neurone bodies in the 
corpus geniculatum internum (Cl), whence new axones ari.se which 
pa.ss to the cortex of the temporal lobe (TEM). (c) Some fibres pa.ss 
directly through the internal capsule from the lemniscas to the temporal 
lolie. 

Since each of the nuclei in which Icmniscius fibres terminate is con- 
nected with motor mechanisms as well as with the cortex of the tem- 
poral lobe, it is evident that the auditt)ry impulses can awaken numer- 
ous reflex and automatic! acts jis well as conscious sensations of hearing. 
Hence the act of turning eyes and head or swsuming po.stim!S of 
strained listening and other automatic acts are made possible by these 
fibre's. 

Fig. 64 shows that the connection of each ear is with both sides 
of the bniin, but that the cro.ssed connection is more extensive than 
that with the same side. Tlie diagram dotis not show the existence of 
a corresponding set of neurones whoso axones pass in the direction the 
reverse of those .shown. Degenerative changes after experimental 
injuries prove their existence. Hence a .secioud diagram might be 
drawn showing axones of exactly complementary course. These are 
omitted from tliis diagram for the sake of clearne.ss. 

It is evident that a lesion limited to one lemniscus .|^ jtot cause 
deafn(!.ss any more than a lesion limited to one temporaT^P|^|;, There 
are cases on rtscord, however, in which the lemniscus on both sides has 
been affected in pons lesions and in these ileafucss has occurred. In 
.xix out of twenty-four ca.ses of limited lesions in the pons, which I 
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collecteti some time ago, there was deafness. Hence in any case where 
a pons lesion is suspected from its chanicteristio symptoms, viz., alter- 
nating paralysis (see page 102), alternating anaesthesia (stxs page llo), 
or cranial nerve palsies (see Cliapter XXXV.), it is well to test for 
desifness, and if it is found to regard it as a lo(!id symptom of disease 
of the lateral part of the lemniscus in the cerebral axis. 

Disturbance of the Sense of Smell is occasionally elicited in diseases 
of the brain. This sense, which is of vital importance to animals, 
Ixiing their chief guide to food, is of little, importance to man, and 
lienee its organs are gradually undergoing retrograile evolution. In 
the mammals, and especially in carnivora, the ollactory bulb and its 
cerebral tracts are enormous and are the best protectcil of all jiarts of 
the liniiu from injury, lying deej) within the cranium. Fig. fif), from 
Dejerine, shows tlie numerous connections of the olfactory bulb and 


Fia. 65. 



The olfactory system and tracts. Bol, olfactory bulb ; Pol, olfactory tract; Rolp, deep oltactory 
0bn*8 ; Roll, Internal olfaclt»ry fibres ; Role, external olfactory fibres. The deep fibres pass to the 
thalutiius (Th) and its nuclei; Tc, tulior clncnMim; Tra, tiilwr niammillurc, and tt» tse, tnmla semi- 
eircularis, and tth, tamla thalani! ; also Into tho anterior coininlssun^ c«a. The Internal olfactory 
fibres pass Into the stria? of loanclsi, sL, and thus to the fasciola cinema, Fc. Tho external olfactory 
fibres puss directly to the iincinato gyrus, U. Tg, fomix from the corjms maniiuillarc (Tin) to Am- 
mon’s horn (Cg) ; XA, nucleus amygdala! ; Oing, cingulum ; Cc, corpus callosum ; Fc. fuse, cinerea ; 
F(l. (Sudden’s fasciculus; PM, fasc. rctroHoxus of Meynort; Na, ant. nuc, of thalamus; Glp^ luter- 
pedutieiihtr ganglion ; Gh, ganglion habenula; Qa, ()p, corp. quadrigemina; Po, pons; VA, fasclc. 
Vicq. d’Azyr. (Dejerine.) 

fibres and their relations to the subcortical gjinglia, and their termina- 
tion in the uncinate gyrus and nucleus amygdalus which lie at the apex 
of the temporal lobe. It is in this area that physiologists have located 
the sense of smell in the cortex. It is not improbable that here, too, 
is located the sense of taste, its tract coming from the optic thalamus 
9 
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by way of the trigonum. The taste impulses can reach the thalamus 
from the fifth nerve nucleus by way of the formatio reticularis. (See 
Chapter XXXV.) 

There are a few cases on record in which irritation of the apex of 
the temporal lobe lias caused hallucinations of smell or of taste. Such 
hallucinations may precede Jacksonian epileptic attacks, as in a case of 
Hamilton and one of Jackson, in both of which lociil meningitis had 
affected both uncinate gyri. Destructive lesions of this area with loss 
of smell have not as yet been recorded. The usual cause of a loss of 
smell, when not due to nasiil disease, is some local lesion on die base 
in the frontal lobe, destroying the olfactory bulb or tract. 


Fio. 66. 



The olfactory bulb and tract. A, Schneiderian membrane in noae in vhlch lies {icripherni olfac- 
tory neurone ; B, glomerulus of olfactory bulb ; C, mitral cells with dendrites in B and axunes in Ii, 
olfactory lobe ; 1^ granule colls ; F, colls in olfactory lobe ; U, O, fibres of olfactory tract. (Baiiion y 
Csjal.) 

Disturbance of the Sense of Taste as a local symptom of brain dis- 
ea.se has not been observed. The nerves concerned in this sense arc 
the fiflh and ninth, and a loss of taste must still be referred to dieir 
affection. (See Chapter XXXV.) 

We have memories of smell and taste which are undoubtedly stored 
in the cortex of the uncinate gyrus anti which go to make up die con- 
cepts of objects which possess odor and flavor. We have no record of 
cases of psychical anosmia, though such symptoms are perfectly possible. 

Disturbance of Thought and in the Use -of Language. — Thus far the 
symptoms produced by a lesion in one functional area of the cortex or 
in the tract leading to it, or from it through the brain have been con- 
sidered, and also the possible combinations of these symptoms when 
adjacent areas or tracts are involved tf^ther. But while the cortical 
areas have undoubtedly distinct functions, it is not to be forgotten diat 
they are closely joined to one another by means of the multitude .of 
association fibres and commissural fibres which go to make up the 
larger part of the white matter of the centmit ovale. 

Can be shown by careful dissection diat each convolution is joined 
to t(ie two adjacent convolutions by fibres which pass around the separ- 
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ating fissures. (Fig. 67.) Also, that bundles of fibres exist which 
pass from each convolution to the convolution next but one, and so on. 
Hence, it may be stated that each convolution has a possible connec- 
tion with every other. Besides this association of convolutions by 
small bundles of fibres, it is possible to find a distinct set of associa- 
tion tracts which pass between more or less distsuit regions. One 
such tract passes from the frontal lobe, colheting its bundles from all 
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The asfiociatlon fibres. A, between adjacont eonvolutions ; between frontal and occipital areas ; 
C, between frontal and temporal areas, cliigulain ; D, between frontal and tcmiioral an^as, fasciculus 
unciuatus; K, between occipital and teinjioral areiu, fasciculus longiiudinaiis inferior; ON, caudate 
nucleus ; OT, optic thalamus. 

three convolutions, backward to the occipital lobe. Another tmet 
joins the occipital with tlie anterior part of the tempoml lobe. An- 
other piisses from the upper two tcmpoRil convolutions forward to the 
third frontal convolution, passing beneath the ishind of Reil. An<l a 
traet from the frontal to the posterior temporal area may also be found. 
Their relative degree of development in animals is directly in the ratio 
of tlie cortical development, and tlieir actual number is an index of 
mental capacity. 

The function of these association fibres is to form the physical basis 
for the association of concrete meniories and of psychicsd acts, and 
their integrity is necessary to thought. By studying subjectively the 
association of ideas in the mind the importance of their function l)ccomes 
evident. 

We have already seen that each sensory impression leaves a memory 
picture which is the basis of our recognition of an object. But each 
object produces on the mind a number of different impressions simul- 
taneously. These are, therefore, associated together in the mind and 
form a concept consisting of numerous memory pictures joined together 
by means of the association fibres in the brain. These fibres form as 
essential a part of concepts as the various memory pictures. Thus a 
single memory picture has little meaning unless it is associated with 
others ; a new object seen has to be broi^ht into relation with objects 
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already known before it becomes understood or fixed in the mind. It 
must also be brought into relation with its name. And thus the sim- 
plest object, “ a rose ” or “ a bell,” is known only when the numerous 
sensory impressions which it awakens are united into a complex mental 
substratum. We have no single ideational centre or concept centre in 
the bmin, but each concept is made up of many pictures. This is 
shown in the diagram of Charcot of the concept bell. (Fig. 68.) 


Fig. 6S. 



Diagram to Illiistrato the concept “bell” and to show Ibe rarletica of apfaxla and aphaala. The 
memory pictures are relics of past perceptions received through different scnsca Their association 
makes up the menial image bell. The word image is made up of the lueiuorics of the sound and appear- 
ance of the word, and of the uttering and writing-effort memories ; these are Joined together. The 
menial image and the word image are also Joined with one another, making up the concept “boll.” 
(Charcot.) 

When we hear a peal and it awakens the memory of the word “ bell ” 
and also the apixsarance of a large church bell or small dinner bell, 
whose shape and cold, hard, metallic f^l and weight can be called to 
mind, and when we recollect the corresironding word in French or 
German or any other language that we know, and also recall the effort 
needed to pronounce the corresponding woid in our own and in the 
foreign tongue, and also to write it and to read the letters that make 
up the word, we have merely aroused in consciousness one after an- 
otlier a number of dormant memory pictures by sending impulses over 
association fibres that unite these pictures together. Hence, associatien 
fibnis are necessary to thought, and a break in them or a destruction 
of their terminal stations will impair mental action. 

The loss of concepts has been termed apraxia. The loss of speech 
h^ been termed aphasia. We have already considered the varieties 
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of apraxia, viz., psychical blindness, psychical deafness, amnesia, 
astereognosis. 

Aphasia. — The symptom aphasia requires further consideration. 
We have already seen that the basis of language is a series of memory 
pictures : (1) of the sound of a word ; (2) of the effort necessary to 
enunciate it; (3) of the appearance that its printed or written symbols 
present ; and (4) of the effort needed to produce these symbols in writ- 
ing. These memory pictures are intimately connected with each other 
by means of association fibres which pass in all direcitions laitwccn the 
areas in which they are located. They are also joined to the memory 
pictures which make up the concept. They are so intimately joinwl 
that if one is lost all the others feel the effect, and a break in the 
mechanism leads to a defect in the a(!t of speech. 

The defects of speech are broadly divided into sensory and motor 
aphasia, according to the predominant feature of the defect. S(*nsory 
aphasia consists in a lack of power to retiognize or to recjill the sound 
or ap{K»rance of words. If the sound alone is lost the condition is 
termed wortl-deafncss ; if the appearance is lost the condition is termed 
word-blindness. Motor aphasia consists in a lack of power to initiate 
the effort and set in action the motor mechanism needed to pronounce 
or to write a word. The former is tesrmtid motor or ataxic aphasia, the 
latter motor agraphia. They are usually asstxiiated. 

1. WoBP-PKAFNKSS. — If the memory of the sound of the wortl is 
lost the word cannot be called to mind and cannot be recognized when 
heard. Show the psitient a watch, and he is unable to name it ; tell 
him it is a stone, a match, a wat<!h, and notice whether he dissents 
from the former and gives signs of satisfaction at the last. If he does 
he has only auditory amnesia or partial word-dciifncss. He retains 
the sound memory picture, and it (»in l)c aroused by heiiring it; henec 
the lesion is not in the cortex where the memory lies, but he cannot 
make the connection between the sight of the object ami it. Here the 
memory picture of the sound of its name can be awakened directly 
through the esir — that is, by one of the tracts to the cortex, if not by 
another. Hence in such a case the lesion must lx* subcortical. If, 
however, he does not rewgnize the sound of the name when heard he 
is totally word-deaf and is unable to understand what is said to him. 
Such a patient, therefore, is jn the condition of a man who hears a 
foreign language ; he hears sounds, but attaches no meaning to them. 
He makes no associations between the word and its concept. He does 
not understand. This condition usually very much impairs his use 
of words, for he is unable to call to mind the sound of the word, and 
therefore is unable to say it. But the motor act of pronunciation may 
be initiated if the impulse can l)c sent to its centre without passing 
through the auditory centre. This is the case in exclamations, when 
one does not choose his words ; hence many patients can swear, though 
they cannot talk. If, in a patient with word-deafness, there is no 
accompanying word-blindne&s, he may be able to read aloud as well 
as to himself — that is, his motor speech memory may be aroused by 
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way of his visnal memories without the intervention of the auditory 
memories. And if he has no apraxia it is also possible for any of the 
concept memories to awaken the motor speech memory; hence the 
thought of an object or seeing it may lead to the enunciation of its 
name without thought of how the name sounds. For this reason 
patients who are word-deaf and cannot understand what is said to 
them may be able to talk fairly well. 

The lesion in total word-<leafness is located in the middle part 
of the cortex of the first and second temporal eonvolutions in the 
left hemisphere in right-handed, and in the right in left-handed 
persons. 

2. WoBD-BLiNDNESS. — If the memory of the appearance of the 
word is lost, the visual image of it cannot be called to mind or recog- 
nized, and then the patient will be unable to read, because the shapes 
of the letters and words seen arouse no recollection. This is also 
termed alexia. He will also be unable to write spontaneously, for he 
cannot remember how the letter that he wishes to write looks. As a 
matter of fact, words are forgotten more easily than letters, and if a 
patient is to relearn to read he must begin with letters, and go on to 
words. Figures arc sometimes recalled when words are forgotten, and 
many a patient can do mathematical calculations on paper who cannot 
read or write ordinary words. The reverse may also be true, the 
patient being able to read and write, but being unable to understand 
or to write figures or to calculate. Such patients may play cards or 
other games, if they are not psychically blind. It is not infrequently 
the case that persons who are thus word-blind can write at dictation, 
or copy, and yet show no evident of understanding what has just 
been written. Here the writing centre has been called into activity 
through some association tract without the intervention of the word 
memory picture. A distinction must be made between tho% who have 
lost the memory picture and those in whom it cannot be recalled by 
ordinary means. The first have cortical word-blindness; the second 
have subcortical word-blindness. The word memory picture may be 
cut off from its ordinary channels of connection with other memory 
pictures and yet remain intact. In such a case some roundabout road 
to it will lead to its revival in consciousness, and it will be found to 
be preserved, though inaccessible by ordinary means. 

The condition of visual amnesia with word-blindness is due to 
a lesion involving the inferior parietal convolutions and angular 
gyrus, and is often assoeiated with psychical blindness, but may 
occur independently of it. The lesion is in the left hemisphere in 
right-liand^ persons and in the right hemisphere in left-handed per- 
sons ; a few exceptions to this rule have been observed.* 

Word-deafness and word-blindness frequently occur together, and 
then the lesion is found involving both die temporal convolutions and 
the angular gyrus. 

3. Optical Aphasia on Intebcoktical Sensory Aphasia 

' Millii and Warsenburg ; Medicine, Nov., 1906. 



PLATE XI 



The Connections of the Areas of the Cortex Included in the Zone of Language. 

(Dejerine.J 

The upper purl of the Agurc rcpre^nts n verticiil Mcction throiifrh the bniin. The lower part 
represents a horisontal secthiii below the transverse dotletl lines. frontal; Fa, unierior central; 
/'ai Broca’s; T, temporal; Pc, angular convolutions; Arc, arcuate fibres joining the angular gyrus Pc 
and the tem|N>rul convolutions 1\ to BrrMta’s convolution /'» an<l to the motor centre for the arm Fa; 
pcf, association fibres between tlic angular gyrus and tetniK»ral convolutions; prr. association fibres 
l)ctwecn the two hemispheres; pcf, fibres joining the left angular gyrus to the right motor centre; 
peU, fibres joining the left angular gyrus to the right third frontal convolution; pen, pcA, fibre^s joining 
the left angular gyrus to the occipital convolutions of the left aiul right lol>es; let, commissural fibres 
l>ctwccn the two temporal l<>l)es; Th, thalamus; NC, caudate nucleus; Nl, lenticular nucleus; (!ia, 
internal capsule, anterior limb; Cip, posterior limb; Cirl, CSul, visual tract; 17. lateral ventricle* eff, 
commissural fibms in corpus callosum CV; C, cuneus. 
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When the association-fibres between the memories of sight and the 
memories of sound are severed a condition of aphasia results which is 
characterized by an inability to recall the name of a thing seen and to 
picture to the mind the appearance of a thing named. Yet the name 
is recognized when heard and the object is recognized when seen. 
This condition has been described under different names by different 
observers. Freund ' named it optical aphasia or transcortical aphasia, 
and these terras are used by the Germans.* I prefer the term inter- 
cortical sensory aphasia as less obscure and misleading. A patient 
suffering from this type of aphasia has not lost his memory pictures, 
for he is able to recognize anything once heard or seen, lie can, 
therefore, hear, understand, ami resid ; but if he is asked to call to his 
mind some place or person whose name is given — e. </., Lake Geoi^, 
Lake Como, President McKinley — he cannot do so. The impulse 
started from the word-hearing centre cannot reach and arouse the 
visual memories ; nor can the association be made in the opposite 
<lirection, for if he is shown an object or a person — a watch, a chain, 
or some familiar face — he cannot recall the name, though he recog- 
nizes it when heard. 

There are nuraenjus cases on record with autopsies which prove that 
the lesion in this condition lies in the long association tract within the 
temponil and occipital lobes. This tract is shown in Plate IX. 
Such a lesion may be an abscess of the brain secondary to car disease, 
or a tumor, or a focus of softening. In a case described in the chap- 
ter upon abscess of the brain this symptom was made the basis of a 
surgical operation which proved successful. Should an extensive cor- 
tical lesion occur in the convolutions between the temporal and occip- 
ital gyri and invade the white matter beneath them the same symptoms 
would be produced. 

4. Motor Aphasia. — If the memory of the effort needed to pro- 
nounce a wortl is lost, a true paralysis of active speech occurs, though 
the muscles may not be weakened. This is the oidinary form of motor 
aphasia, due to a lesion of Broca’s centre in the posterior part of the 
third frontal convolution on the left side in right-handed persons. It 
is to be noted that such a loss of speech involves a loss of the {mwer 
of repeating words after another, as well as of voluntary speech, and 
is not accompanied by any inability to understand spoken or written 
language. In the uneducated, as in children, the acts of talking and 
writing are closely joined, as may be seen by watching the lips, which 
move in the act of writing. But among those accustomed to write 
much these acts are independent, and it is probable that many edu- 
cated aphasics may be able to answer questions in writing when their 
efforts at speech fail ; but as a matter of experience, it is found that 
speech and writing are usually lost together. Beading aloud will also 
be lost in motor aphasia, for here, too, the inability to articulate 
hampers the patient. 

* Frennd, Arch. f. Psych., xx., 276. 

*Vorster, Arch. f. ftych., xxx., 341. 
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Such patients can usually say “no” and “yes,” and often retain the 
power of using monosyllabic words. They talk, if at all, as a baby 
talks who is just learning to speak. Sometimes a short phrase, uttered 
Just before the attack of aphasia occurred, can be and is repeated over 
and over. Thus I knew a woman whose only phrase was “All, dear 
me, I don’t know!” and this was said on all occasions, with varying 
inflection, being the only thing she could say. 

6. Agraphia. — The independence of the effort-memories, neces- 
sary for writing, from the effort-memories of speech, though questioned 
by Dejerine, must be admitted. When these are lost alone the con- 
dition is known as agraphia. In such a state the pen cannot be used. 
Copying, writing at dictation, and voluntary writing are all lost. It 
has been noted already that when a word cannot be called to mind, or 
read, or mentally enunciated, in the majority of persons, it cannot be 
written. But words can then often Iw written at dictation, if the 
person is one who has written much. Hence sensory agraphia and 
motor agraphia must be distinguishetl, the former being a part of 
word-blindness, the latter not at all associated with inability to read. 
The lesion of motor agraphia is not certainly known, though a few 
facts point to the posterior part of the second frontal convolution as 
tlie probable seat of this function.* It is not unlikely, however, that 
the more exact localization of fine movements of the thumb and 
fingers in the posterior central convolution may be followed by the dis- 
covery of the writing centre in this vicinity. An interesting case is 
reoxirded by Trousseau of a deaf mute who had learned to talk by the 
finger laugiaige and who lost this power by a lesion near tlie motor 
centre for the fingers, though the fingers were not paralyzed. 

6. Paraphasia or iNTERCxiRticAi. Motor Aphasia. — The 
forms of aphasia thus far studied are due to a loss of distinct memory 
pictures. The several memory pictures which are united in the word- 
image may thus be reasonably regarded as separate from one another 
in their location in the brain. But, since they are joined together to 
form the word-image, it follows that the association-fibres joining the 
various areas are as necessary to the use of even a single word as the 
various areas with their memories. It is really by association only 
that an object or a word becomes a subject of thought or of use. If 
these associations are broken, the result is a defect of language 
characterized by the iTiisplacemeut of words, and the patient tiilks 
jargon. Such a condition is termed parapliasia or intercortical 
aphasia. 

There are as many forms of paraphasia as there are association- 
tracts. 

Allusion has already been made to intercortical sensory aphasia. 
Another form is intercortical motor aphasia, in which the association 
tract between the temporal convolution and Broca’s convolution is 
involved. This tract passes beneath the island of Beil. (Fig. 67, D.) 

* Gordinier, American Journal of the Medical Sciences, September, 1903, haa pub- 
lished such a case. 
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^ hen It 13 the patient can understand what is heani or seen 

and tan enunciate words clearly, but is unable to repeat after another 
^r^u a word heartl and talks jai^n. These paSs usiLlTy bilk 
rapidly and constantly, tiy veiy hard to convey their ideas but can 
not be understood at all, for the mingling of nonsense woids or of sS' 

of t 

ap=.“ 


Fig. 69. 


Hand 


Touch 



Voice ly Hearing 

ThJ'^T ‘""f ™‘® “P’’”'*- ’n'® «'«W"7 *nd motor oo.tree are Indicated br tho arrowa. 

Too BMontoy mrilral centna of memoriea are indicated by circles. /. visual, of ohjwta^- // visual 

of aphasia of conduction. But the common feature in all l.s the loss 
ot power of ^SMiation of the memory pictures while those pictures are 
preserved. It is interesting to discover such case.s, and much care has 

.1“ it is lai^cly by their analysis 
that our knowledge of tlie existence of separate memory picturesf of 
the localization of these pictures and of the union of them by the 
assomtion-fibrcs has been established. But there are not as yet on 
record a sufficient number of cases with autopsy to enable us to make 
an exact diaposis of the location of the lesion in patients who present 
symptoms of aphasia of conduction. 
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In almost all cases of aphasia which have been p.va.minn/1 post 
mortem some lesion of tliese association fibres has been found. Hence 
cases of pure aphasia of cortical origin are rare. The lesion of these 
fibres causes necessarily great confusion in the mental processes of asso- 
ciation and hence defects of inteUigenr.e are very striking in all eases of 
aphasia. P. Marie has recently called particular attention to this side 
of aphasia.* He considers that in almost all cases there can be shown 
to have been a lesion of the lenticular zone lying at the bottom of the 
sylvian fissure and outside of the lenticular nucleus — tlie zone through 
which the majority of these association fibres are seen to pass in this 
diagram. This zone he terms the intelleetual cenvtre of language.*’ 
The motor centre in Broca’s convolution he regards as wholly sub- 
sidiary and he considers that its lesion causes anarthria rather tliau 
aphasia ; i. e., a difficulty in the proper muscular act of speaking without 
disturbance of intelligence. Marie’s statements have produced wide 
divergences of opinion on the entire question of aphasia which cannot 
Ix! reconciled, and his conclusions are not generally accepted, the matters 
at issue being still under discussion.** 

To examine an aphasic thoroughly it is necessary to test : 

1. The power to retiognize objects seen, heard, felt, tasted, or smelled, 
and their use. 

This will determine whether the condition of apraxia or disturbance 
in the power of recalling any part of a concept is present. 

2. The power to rticall the spoken name of objects seen, heard, 
handled, tastefl, or 8mclle<l. 

3. The power to understand speech and musical tunes. 

4. The power to call to mind objects named. 

This will test the integrity of 'the auditory speech area and of 
the association-tracts between other sensory areas and the temporal 
convolutions. 

5. The power to understand printed or written words. 

6. The power to read aloud and to understand what is read. 

7. The power to recall objects the names of which are seen. 

8. The power to write spontaneously aud to write the names of 
objects seen, heard, etc. 

9. The power to copy and to write at dictation. 

10. The |)ower to read understandingly what has been written. 

These tests will determine the condition of the visual word memories 

in the angular gyms, and of the connections between this area and 
surrounding sensory and motor areas. 

11. The power to speak voluntarily, and if it is lost, the character 
of its defects. 

12. The power of repeating words after another. 

‘P. Marie, L’Aptiasie, Semaine Medicate, Apr. and Oct., 1907. See L’Aphaaie de 
Broca, by F. Moutier, Steinheil, Paris, 1908, where' foil references to recent French 
articles may be found. 

‘La diHCUeaion Bur I’AphaHie. I.’Encephale, 1908, and the discusBion on aphasia. 
Jour. Nerv. and Ment. Dis., Hept., Oct., Nov., 1907. 
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Table IV. — The Symptoms in Diffebent Fobms of Aphasia.* 


Variety. 


1. WoriMfii/imia, 

(а) conical, 

(б) eubcortical. 

2. Word-blindmia, 

(a) cortical, 

(b) BUl>cortlcal. 

3. Interoortical, 

between T. and 0. 

4. Motor aphtiH^a. 

(a) cortical, 

(ft) subcortical. 

5. Aaraphia . 

in) cortical, 

(ft) subcortical. 

• 

6. Intercortical, 

betweeu T. and P. 


Understand- 
ing of 
language. 


Lost. 

Lost. 


Retained. 

Retained. 


Imperfect 

Retained. 

Rotained. 


Retained. 

Retained. 


Power to re- 
peat words. 


Lost. 

Lost, 


Retained, 

Retained, 


Retained, 


Lost 

Lost 


Retained. 

Retained, 


Imperfect Lost 


Power to talk. 


Retained 
(not to answer). 
Imperfect 
(nut to answer). 

Retained. 

Retained. 


Rotained. 


fjist. 

Lost. 


Retained. 

Retained. 


Jargon, 


Power to read. Power to write 


Retained 
(not aloud), 
itetained 
(not aloud). 

I.ost, 

Lust, 


Itn perfect 
(without (H>m- 
nrehenslon). 
Retained 

i not aloud), 
mpcrfcct 
(not aloud). 

Retained. 

Retained. 


ImperfeeL 


Retained. 

Retained, 

Lost. 

Imperfect, 


Retained 
(not at dicta- 
tion). 
Lost, 

Lost, 


I.ost. 

Imiiorfcct. 


Lost or im- 
latrAtct. 


FlO. 70. 



Ficchslg’s diagram to show the order of development of the various areas of the cortex. 
Lateral surface. (Laucct, October 19, 1901.) 


This will test the integrity of Bwica’s centre and its assottiation- 
tniots. • 

The above table shows the chief defects in each variety of aphasia, 
and may serve to aid in diagnosis. 

The Commissural Fibres. — The second system of association-fibres 
in the centrum ovale is the commissural system. This joins corre- 
sponding areas of the two hemispheres with one another. The func- 
tion of these fibres is to harmonize the action of the two hemispheres. 

* There are msay complex varicticf) of aphaaia too rare and involving too exhauative 
discusaion to be included in a general text-^k. The reader ia referredf to an article by 
the author on Sensory Aphasia, Brain, vol. xii., p. 82 ; to Wylie, Disorders of Speech. 
Edinburgh, 1894 ; and to Collins, The Faculty of Speech, New York, 1898, and to the 
discussion of aphasia before the Neurological Society of Paris in 1908, published in 
PEncephale, 1%8, where full references to the literature of the subject are to be found. 
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Movements of like nature can be made with greater facility with both 
upper extremities when moving simultaneously. Movements which 
are difficult wheu attempted with the left hand idone become easy when 
associated with corresponding movements of the right hand — as, for 
example, drawing a circle, writing one’s name. Such associated motions 
are accomplished by aid of tlie commissural fibres between the two 
motor areas. 

The sensory areas arc also necessarily joined by commissural tracts ; 
for iu order that the half images received in each occipital lobe may 
be combined, a large tract psisses from one cuneus to the other. In 
order that sensations of touch may be correlated the two parietal lobes 
are joined. In ortler that sounds may be heard the temporal lobes are 
connected. The anterior commissure of the brain joins the two tem- 
poral lobes together. The commissural fibres l)etween the greater part 
of the convexity of the hemispheres pass iu the corpus callosum. 

The existence of areas of the cortex whose chief function is to receive 
and transmit association impulses has recently been proven by FletJisig, 
and his researches throw mu(!h light uim)u the function of those exten- 
sive arciis of the cortex which have no known sensory or motor func- 
tions. It is known that the mwlidlary shcsith which surrounds and 
insulates the axone of each neurone body develops after the axom;. 
Flechsig has shown that the period at which this medullation (K-ciirs 
difiers in different functional tracts during embryonal life. In. the 


Fig. 71. 



FIcchsIg’s diagram to show the order of deTolopmcnt of the various areas of the cortex. 

Median surface. 

earliest stage but a few fibres are mcdullated. As the embryo grows, 
each system of neurones, one by one, becomes completely developed, 
and by contrasting brains at different agtis these functional systepis 
can be distinguish^ from each other. 

The chief staisory systems are the first to develop, the motor system 
follows, and at birth these tracts which bring tlie child into relation 
with the outer world, projecting its impressions on his consciousness 
and projecting his will, as sliown by effort and act on the world, are 



LOVAL SYMPTOMS. 


141 


complete. Later the various association-fibres within the brain are 
formed, so that as the sensory impressions are received they can be 
related to one another, and a sensation can awaken its properly 
coordinated motor response. Flechsig now distinguishes thirty-six 
areas of the cortex of the brain, the neurones in each areii becoming 
developed at a different time from those in other areas. And he 
naturally concludes that those whose manifest function is to associate 
the different parts of the brain with one another, and which develop 
last of all, arc more closely relate*! to the higher mental process of 
reasoning than tliose whose function is merely to transmit sensiitions or 
motor impulses. 

Mental symptoms consisting of aphasia, disturbances in the rapid 
association of ideas, apraxia, forms of loss of memory, defect in the 
keen perception of the meaning of ideas, defects in judgment and in 
reasoning, in logical thought and action — these are the symptoms that 
we ascrilje theoretically to a disturbance of function in the association 
areas of the cortex or in the association and commissural tracts. And 
a careful clinical study of cases in which kisions have biHin found in 
(he so-<‘allcd latent regions of tlu; cortex and in the centnim ovale and 
corpus callosunj leads me to believe that such mental symptoms may 
always be* elicited. 

They will be noticed more (‘spetually in the chapters upon apoplexy, 
cerebral abscess, and cerebral tumors. 

Disturbances in the Control of the Emotions, leiuling cither to undue 
excitemcmt, causeless laughter, unusual crying, great depression and a 
lack of harmony bijtwecn the association of idciis and the state of 
feeling whicli they should awaken, are symptoms pnxluccd by lesions 
in the frontal areti of the cerebral cortex and of the subjacent wliitc 
matter of the centnim ovale. The same symptoms are also noticed in 
lesions of the anterior portion of the corpus callosum which unites the 
two frontal lobes. The frontal region is joined by a large tract to the 
optic thalamus. (Fig. 52, A®.) This tract passes inward, fills the 
anterior limb of the internal capsule, and ends in tlie external nucleus 
of the thalamus. It was noticed by Nothnagel tliat lesions in the 
thalamus interfere with the automatic facial expression of emotion. 
Thus a ^mtieut who has such a lesion may not smile on the side oppo- 
.site to the lesion when amusiMl, even when he can voluntarily contract 
the risorii muscles, and thus give a forced smile. This is another 
proof of the intimate relation of tlie frontal region to emotional acts. 

These are the chief symptoms that are met with in cerebral corticjil 
disease and their local significance. 

Symptoms of Subcortical Lesions. — It remains to cemsider some 
special symptoms produced by subcortical lesions locattid in the basal 
ganglia and in the cerebral axis. These will be better understrxxl 
because of the facts which have been already presented regarding the 
anatomy of tlic brain. 

Lesions of the basal ganglia, viz., the corpora striata, made up of 
the lenticular and caudate nuclei and optic thalamus, are very common 
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and give rise to many symptoms. These symptoms are, however, 
to be ascribed to a coincident aftbction of the motor and sensory tracts 
which pass through the internal cjipsule between the ganglia. Figs. 
47 and 62.) Hence, the local symptoms of lesions in the lenticular 
or caudate nucleus and optic thalamus are tliose of lesions of the vari- 
ous tracts in the internal capsule opposite those bodies, viz., in its pos- 
terior division. If the symptoms are permanent, the capsule is prob- 
ably injured. If the symptoms pass away the capsule was incidentally 
affected. And the effects of the lesion may entirely subside while the 
lesion remains if it is entirely limited to either of these ganglia. Mills 
and Spiller have recently made a special study of lesions of the len- 
ticular nucleus and their conclusions are as follows : 

1. Lesions restricted to the Icnticula apparently do not cause sen- 
sory symptoms ; 

2. Motor symptoms probably result from lesions situated in certain 
parts of the lenticula ; s{)eaking generally, the lenticnla may be regarded 
as a motor organ ; 

3. Anarthric or dysarthrie spt^ech disordei's result from lesions of 
some |)ortion of the left lenticula, which prtjbably contains centres 
which arc concerned with movements which nuikc speech possible ; 

4. Destructive lesions of certain portions of the lenticula probably 
cause a paresis of the limbs or face ; 

6. The pircsis or jiaralysis caused by destructive lesions of the len- 
ticula differs from that producctl by cjjpsular lesions, the impairmeut 
of power not being so severe and not being so chara(!tcristic in the 
former as in the latter case ; 

6. The piircsis or paralysis which is caused by lenticular lesions 
differs from that produced by cortical lc.sions in that it is less likely to 
be dissociiated ; although disstxiiatcd lenticular paresis may occur ; 

7. While the loss of power which results from a d(«tructivc len- 
ticular lesion is permanent, it is usually not intense ; 

8. Persistent true motor aphasia, as this form of spcetJi disorder is 
generally understood, is not caused by a lesion restricted to the len- 
ticnla, no matter what its size or destructiveness ; 

9. The insula, cortex ami subcortex play an important part in speech 
phenomena, one entirely different from that played by the Icnticula 
and the internal capsule ; 

10. The insula is a fari of the cortical motor center for speech, 
Broca’s convolution probably forming with the insula the entire cor- 
tical motor centre for speech ; 

11. Motor aphasia may.be present without a lesion of the left third 
frontal convolution ; 

12. The lenticula forms too large a portion of the cerebral hemi- 
sphere to bo regarde<l merely as a vestigial organ. 

They are of interest in view of the statements of Marie that this 
region, has more to do with speech than ' has Broca’s centre. The 
caudate nucleus is supposed to have some relation to motions of the 
legs, and the lenticular to those of the arms, their relative development 
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in the kangaroo and bat su^^sting this. The lenticular nnclcus has 
been thought to have some relation also to acts of eating. 

The hemichorca and hemiathetosis which occasionally remain after 
lesions of die thalamus are to be reganled as symptoms of irritation 
constantly exerted upon the motor or sensory tnicts passing near it. 
There are some facts to support the assertion that the optic thalamus 
is a sensory ganglion, especially the fact that lesions of the pulvinar 
cause hemianopsia. It appears fnim anatomical investigations of von 
Mouakow that all the sensory tracts end in the thalamus, which in 
turn is connected by its radiations with all parts of the cortex. Rich 
sensory tract is bilateral, hence a unilateral lesion of the tlialamus 
caustis no complete loss of sensation, von Monakow has distinguished 
seven separate masses of neurones in the thalamus, and traced the con- 
nection of each mass to one or more distinct regions of the cortex. As 
yet, however, no practical diagnostic conclusions have followed that 
enable us to detect a lesion of the thalamus. It has also been sup- 
posed that the thalamus has some function in regulating automatic 
motions. Thus, in lesions of the thalamus Nothnagcl found an absence 
of the automatic facial expression indicating emotion on the side oppo- 
site to the lesion ; the patient did not laugh or cry on that side of the 
face, thougli the face was not paralyzctl. But this is not always 
observed. Meynert saw a case, of which I also have had an example, . 
of forced unnatural positions assumed unconsciously by the arm and 
leg on the side opposite to a lesion of the thalamus. Here, again, the 
observations are not uniform and arc subject to criticism, as the capsule 
may have been irritated. 

The basal ganglia, doubtless, have im{K>rtant reflex functions. The 
thermic centres fbr the regulation of the temperature of (he bwly have 
been located by physiologists in the corpora striata and also in tlie optic 
thalamus, tliongh ])athology doc« not support this assertion. Vasomotor, 
secretory, and trophic control of tlie opposite side of the body has been 
a function assigned to the thalamus. The effect of emotion on these 
functions is supposed to be obtaine<l through the action of its neurones. 

As a lesion limited to any one of these ganglia producics no per- 
manent symptoms whatever, in many cases we csinnot detect such a 
lesion. As a matter of fact, 70 pci* cent, of the cases of hemiplegia 
are due to a lesion in the basal ganglia affecting the internal capsule ; 
and from the symptoms and nature of the disease its lociition there can 
usually be affirmed. The diagnosis is, however, made from the capsular 
symptoms, as already detailed. 

Lationa of tlte external capsule and of the dauatrum cannot be yet 
located. Plate XI.) If on the left side, they usually prodiwe 

paraphasia like tlic lesions of the island of lieil. 

I^ona of the corpora quadrigemina are very rare. If the anterior 
pair are involved, oculomotor palsy, loss of pupil reflex, strabismus, 
and nysh^mus may be produced. If the posterior pair arc involved 
disturbances of coordination and of hearing may be caused. As both 
pairs are usually affected together, the combination of these symptoms 
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may aid in diagnosis. Blindness is such a common symptom of cere- 
bral disease that it is only when it is not duo to choked disk, optic 
atrophy, or neuritis, and when it is not of the nature of hemianopsia, 
that it is to lie thought a local symptom of quadrigeminal lesion, and 
some cases seem to show that it may not occur from a lesion there. A 
defective action of the same branches of the oculomotor nerves on both 
sides is rather more characteristic of quadrigeminal disease than the 
total affection of one nerve. 


Fio. 72. 



Position of the nuclei of the cranial nerves. The iiiitduiia and ]iods to be imagined as transparent. 

Tlic nuclei of origin (motor), black ; the end nuclei (sensory), red. (Ekliuger.) 

Lationa of the tegmentum of the crura cereJtri, which lies beneath the 
corpora qiaulrigemina. Since the . sensory tnuits pass through this 
region, anaisthesia may be produced by sucli a lesion, and the pnix- 
imity of the corpora quadrigemina will give rise to indirect local 
symptoms of their affection. Lesions of the red nucleus cause the 
same state of incoordination that occurs when the posterior pair of the 
corpora quadrigemina are involved. They also cause iiaralysis of the 
third nerve, which passes through this nucleus. Lesions of the foot 
of the crus cerebri, in which the motor tract passes, cause hemiplegia 
of the opposite side. As the third nerve issues through the foot of 
the crus, a lesion here causes a paralysis of this nerve on the side of 
the lesion. Hence, hemiplegia of one side, with third nerve paralysis 
of the other side, indicates a lesion of the foot of the crus cerebri on 
the side of the third nerve paralysis. Lesions on the base which press 
upon this part will produce- the same combination of symptoms. 

Lesions of the ])ons VaroUi and meduUa oblongata. Fig. 72 shows 
the situation in the pons and medulla of the nuclei of origin of the 
cranial nerves. These nuclei lie either upon the floor of the fourth 
ventricle, shown in Fig. 61 or at a deeiMjr leyel in the formatio reticu- 
larist. From the nuclei the nerve fibres pass through the pons and 
medulla to make their exit upon the base of the brain, as shown 
in Fig. 73. It is evident, therefore, tliat any lesion in the pons or 
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medulla will destroy either the cranial nerve nuclei or the nerves 
issuinfr from them and traversing the cerebral axis at the level of the 
lesion. The exact level of the lesion will l)e indicated by the nerves 
affected, oculomotor palsy being caused by lesions in the crus cerebri ; 
fifth, sixth, seventh, and eighth nerve paralysis being caused by 
lesions in the pons, and ninth, tenth, eleventh and twelfth nerve 
paralysis being caus^ by lesions of the medulla. The various synip- 


Fig. 73. 



The base of the brafn, the cranial nerrwi, and the cerebellum. TI, optic ncrv«! ; XII, optic chlaam ; 
If, inAindibulinn ; El, lateral part of tuber clnereum ; Es, tuber clnercum ; Tm, nmminlllary bodies ; 
P, crus ccrcbrl ; Po, jHms; Py, pyramid of medulla; 01, olivary body; 8ma, transverse fis.surc of 
cerebellum ; Floe, Rocculus ; aaf, subfloc. Assure ; rl VI, diverticulum of fourth ventricle ; Pyc, pyramid 
of Nfalacarne ; Amg, amyRtlalus ; XAg, digastric lobe ; Lgr, slender lobe ; T/sll, aemlluiiar lobe ; II to 
XII, cranial nerves. (Dejerinc.) 


toms due to lesions of the cranial nerves are discussefl in Chapter 
XXXV., and also the means of distinguishing lesions of the nuclei 
from those of the nerve trunks. 

The facts already statcil regarding the various tracts passing through 
the pons and medulla, as shown in Figs. 51 to 55, pages 110 and 114, 
10 
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will be recalled. It is evident that a gross lesion like a hemorrhage 
or area of softening in the pons or medulla will cut those tracts and 
produce either nnilatcml or bilateral paralysis of motion or of sensar 
tion in the limbs and Imdy. This combination of symptoms of cranial 
nerve paralysis and of paralysis in the limbs and body is characteristic 
of lesions in the pons and medulla, and leads at once to the diagnosis 
and localization of such lesions. The pons also contains the middle 


Pig. 74. 



The basal ganglia and the cerebellum. lo, tenia ; NC; caudate nucleus ; Th, thalamus ; (3a, Corpu 
quad, anb; Cop, posterior commissure; Com. cent, oororalssuro.; V(Cu), cnimen; Lqp, lobus quad* 
rains; Sr, Assure of VIcq d’Asjrr; V(dc), monticulus; Sef, clieular Assure; Tisll, Inferior scmilnuar 
lobe ; T.sln, superior iwiulinnar iolie ; Ls; superior lobo ; LP, posterior lobe ; Bt, renuifann lobe, of 
which the cnimen and monticnlns parts. (Dejerlne.) 

peduncle of the cerebellum, hence lesions in the pons are likely to 
cause symptoms of cerebellar type already consider^. 

Cerebellar Symptoms. — Figs. 73 and 75 show the connections of 
the cerebellum with the cord, with the pons, and with the cerebrum. 
Fig. 76 shows the structure of the cerebellar cortex. 

fjesiotiK of the cerebellum, if located in the hemisphere and not in 
the median or vermiform lobe, and if of such a nature as not to exert 
pressure on surrounding parts, may not produce any symptoms. If 
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the Icsioa is in the vermiform lobe, disturbance of coordination known 
as cerebellar ataxia, occurs. This consists in an inability to walk 
•without staggering like a drunken man. The ataxia exists only 
while the patient is in an upright position ; it rarely affects the motions 
of the arms, and when it docs it never interferes with tlie fine adjust- 
ments, but only with exteusive movements in space — e, g., grasp- 
ing objects at a distance — that involve an act to preserve the balance. 

Fia. 76. 



Diagram to ahoir tho connections of tho cerebellum. SC^ spinal cord ; O, column of Ooll ; B, 
column of Biudach ; MJSD, medulla oblongata at sensory decussation ; O, oUto ; G, nucleus gracilis; 
V, nucleus conoatus ; F, iiah nerve ; Puu, pons Varolll ; VIll, eighth nerre and Its nucleus ; F, flilct ; 
/V. pyramids; Cnu, crus oorebrl; BN, red nucleus of tegmontun^; CD, corpus dentatnm of cereb(!l- 
lum. 1 to 13, various tracts connecting tho cerebellum with the spinal cord, medulla, pons, and crus. 
(Starr, Atlas of Nervo Cells.) 


Closing the eyes does not increase the ataxia. In these respects the 
ataxia differs from that of posterior sclerosis. 

A second characteristic symptom of cerebellar disease located in the 
vermiform lobe is vertigo. This may be very severe, but as it may 
occur without ataxia, and ataxia may be present without vertigo (though 
rarely), the two are not to be considered as interdependent. Vertigo 
is increased by rising to an erect position, but may persist when the 
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patient is in bed. It de<!rease8 somewhat when the patient has 
remained fixed in any position for some time ; but is always increased 
when he optms his eyes. The vertigo is usually an early symptom 
of cerebellar disease. It is more constant and persistent in cases 
in which the intracranial pressure is increased. It may gradually 
pass off in other oastss. Cerebellar vertigo does not differ from vertigo 
in MfiniSre’s disease, and is probably due to an affection of the ter- 


Fia. 76. 



nisgrsmnutic reprenenUtion of a section throui^ the cerobcllar cortex. T, molecular layer ; II, 
granular layer; III, white matter; P, Purklnjoccll with its neuraxone, p, entering the white matter; 
S, small Bteilate cells of molecular layer ; B, large atcllale cells with basket fibres, b — these basket fibres 
surround the body of the Purkinje cell shown In dotted outline ; O, cells of the granular layer, with 
lung, straight nenraxone, g, ascending to molecular layer, and there bifurcating to become tangential 
fibres— these fibres run at right angles to the plane of section of the plate; moss-like termination 
of white fibres, m, entering the cerebellum from without ; ff, largo Golgi cell of the second type, with 
dendrites in both granular and molecular layers and neuraxone dividing and subdividing in the gran- 
ular layer ; I, terminal filaments and fibres, I, entering the cerebellum from without and ending around 
the branches of the Purkinje cells. (Starr, Atlas of Nerve Cells. ) 


mlnal fibres of the labyrinthine part of the eighth nerve, from the 
semicircular cjinals or their nuclei. The' vertigo of Meniere’s disease 
is, however, usually accompanied by deafness. Ataxia and vertigo 
tf^thcr affonl strong presumption of diseiise in the vermiform lobe, 
although neither alone is sufficient for a diagnosis. 

Another symptom of cerebellar disease is a loss of tone in the 
mustdes of the back and neck leading to a lack of power to maintain 
the balance and tlie erect posture. This often results in abnormal 
postuKJS of the body and in a tendency for the head to be hold away 
from the side of the lesion. The relaxation of the muscles may occur 
suddenly from time to time and is not constant. Each cerebellar 
hcniispheio controls the muscles of its own side. 
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The indirect local symptoms of cerebellar disease may be numer- 
ous. They are due to an affection of the tnicts and nerve nuclei in 
the pons and medulla (sec Fig. 52). Various forms of panilysis and 
anaesthesia, vasomotor disturbances, obstinate vomiting of a projectile 
character, general symptoms of intracranial disease, — e. g., headache, 
optic neuritis — are usually present witli tumors, abscesses, or hemor- 
rhages in the cerebellum, especially if they are in the median lobe. 


Fig. 77. 



Congenital absence of one-half of the cerebellum. Atrophy of the opposite olivary body and 
of the Buperttcial tranaverse fibres of the pons. ( Kinduesa of Or. Oliver S. Strong.) 


The combination of cerebellar ataxia and vertigo witli these and other 
symptoms of pons disease afftmls clear evidence of <lisea.se in the 
cerebellum. 

Lesions of the cerebellum have no apparent effect upon the mental 
powers when they occur in adults. A deficient development of the 
cerebellum is, however, a frequent cause of congenital idiocy. When 
one cerebellar hemisphere fails to develop, the opposite olivary liody 
in the medulla, and sometimes the opposite hemisphere of the cerebrum, 
present an atrophic appearance. 

Fig. 77 shows a case of such defective development. The patient 
was a half-witted boy who died of measles at tlie age of three years. 
He had been unable to leam to walk, and was awkward in his 
movements. 

Lesions of the midille peduncle of the cerebellum, tlie crura cere- 
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belli ad pontem, produce characteristic symptoms. These consist in a 
tendency on the part of the patient to assume a forced position, to turn 
toward or fall toward one side in walking, or even to revolve constantly 
about one axis of his body. The forc^ movements may be made by 
the eyes (conjugate deviation in one direction), by the head, or by die 
entire botly. In a case seen by the writer, in which the autopsy 


Fio. 78. 



Diagram ahowing the origin and courae of the fibrea of the {icdunclcs of the ccrcliellum. 

(Edlnger.) 


showed a tuberculous tumor in the left middle peduncle and in the 
vermiform lobe, in addition to ataxia, vertigo, vomiting, and headache, 
the patient lay txinstantly on his left side, and when he turned upon his 
back or toward the right side the vertigo became so excessive that he 
was obliged to resume at once his former position. In walking, this 
patient showed a tendency to fall towaixl the left side, and found it 
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impossible to turn around toward the right. In another case, a lacera- 
tion of one peduncle due to a fracture of the base, caused constant 
vigorous movements of rotation about the long axis of the body toward 
the affected side for three days until death occurred. Such patients 
may lose their balance in moving in one direction — e. g,, forward or 
backward, and in attempting to regain it they may be oblig^ to hasten 
their movements. This has been interpreted wrongly as a tendency 
to compulsory walking in one direction — e. g., backward. It is 
really due to the vertigo. Lesions of the other peduncles of* the cere- 
bellum do not produce any known characteristic symptoms aside from 
those of cerebellar disease. But when the superior peduncles are the 
seat of a lesion it is not uncommon to have oculomotor paralysis, 
especially paralysis of the fourth nerve, as an associated symptom. 
And when the inferior peduncle is affected there is usually an alter- 
nating hemiansesthesia from lesion of the formatio reticularis. 

THE EXAMINATION OF THE OEBEBBO-SPINAL FLUID. 

The, examinalion of the cerehro-epintU fluid, obtained by lumbar 
puncture in accordance with the method of Quincke, is in some cases 
of nervous disease of value. Quincke’s puncture should be done witli 
strict care as to asepsis, but without an ansesthetic. Local anaesthesia 
with chlorethyl spray may lie used. It is performed by laying the 
{laticnt upon the side and bending tlie body as far forward as possible, 
the thighs being Hexed. A hollow needle one millimetre in diameter 
is then thrust between the third and fourth lumbar spines in the middle 
line directly into the spinal canal, its direction being a little upward in 
order to avoid the lamina. The fourth lumbar spine is on a line con- 
necting the crests of the ilium. It may be thrust from throe to eight 
centimetres before reaching the spinal canal, according to the age and 
fatness of the patient. When the stylet is withdrawn the cerebro- 
spinal fluid will flow out of the needle, either in a gush (if there is a 
greiit increa.se of pressure) or drop by drop (if there is little pressure). 
If it does not flow freely the flow can be increased by placing the 
patient in an upright position. From a few drops to fifty cubic centi- 
metres may be withdrawn without any ill effects. The wound is to bo 
closed with collodion. 

The normal cerebro-spinal fluid is clear, and contains no lympho- 
cytes, or not more than two or three to the cubic centimetre after cen- 
trifngalization. It flows slowly from the needle and there is little 
pressure. In disease it may be cloudy, containing fibrous shreds and 
pus ; it may bo loaded with lymphocytes, from 100 to 1000 to the cubic 
centimeter and it may be so increa.scd in amount as to spurt with force 
from the needle showing a marked rise of pressure. It may also 
contain various microorganisms and leucocytes. 

In all cases of syphilis a considerable number of lymphocytes are 
found ; hence in cases of syphilitic tabes, of syphilitic paresis, of syphilis 
of the brain or cord, of syphilitic meningitis or gumma the examina- 
tion gives positive results. In meuingitis of the brain or cord and in 
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diffuse abscess of the brain both lymphocytes and microdi^nisms are 
found. These may consist of diplococci, or pneumococci, or staphyl- 
ococci, or streptococci pyogenes, in accordance with the nature of the 
case. Their presence is of tlierapeutic as well as diagnostic signifi- 
cance, in view of recent discoveries of serum therapy. In neuras- 
thenia, in alcoholism and toxic neuritis, in the psychoses, and in all 
forms of nervous disease in which there is no syphilitic element, the 
fluid is clear and contains no lymphocytes. The pressure of tlie fluid 
is raised in all the conditions in which meningitis is present. It may 
also Ih! greatly raised in hydrocephalus, in tumors of the brain or cord, 
and in urmmia. The proteid content of the fluid is said to be raised in 
per cent, in all cases where the lymphocytes are found. 

CBANIO-OEREBBAL TOPOQBAPHT. 

The diagnosis of local lesions in the brain leads in many cases to 
surgical treatment for the removal of the disease, such as clots, tumors, 
or abscesises. It is, tlierefore, essential to know the exact relation 
between prominent parts of the skull and the fi.s8ures and convolutions 
of the brain. This relation has been carefully determined and certain 
rules have been laid down. 

The relation of the brain to the skull is shown in Fig. 79. 

The rales for finding the fissures of Sylvius and Rolando by measur- 
ing the skull are as follows : 

To find the fissure of Rolando, lay down a line from the root of the 
nose to the occipital protuberance over the top of the head, and take 
a point 0.657 of the distance back upon this line. This point will 
TOrrespond to the upper end of the fissure. The fissure makes an 
angle of 67° with the median line just measured. Henee if two strips 
of metal, fixed to one another at this angle, be placed on the head with 
their junction upon the upper end of tlic fissure, when one strip is on 
the median line the other strip, pointing forward and downward, must 
lie over the fissure of Rolando. In its lower third the fissure becomes 
a little more vertical than the strip. The fissure is about three and a 
half inches long. 

To find the fissure of Sylvius, lay down a base line from the lower 
margin of the orbit to the auditory meatus. Lay down a second line 
parallel to the base line-from the external angular process of the frontal 
l)one backward one inch and a quarter, and then measure upward one- 
quarter of an inch ; this gives point one. Find the most prominent 
part of the parietal eminence, and from it draw a line downward per- 
pendicular to the base line, and on this take a point three-quarters of 
an inch lielow the eminence ; this gives point two. Join these two 
pcjiuts, and the line will lie over the fissure of Sylvius. The anterior 
limb of the fissure will be two inches behind the external angular 
process. The fissure of Sylvius is about four inches long. 

To find the parieto-occipital fissure, continue the line of the fissure 
of Sylvius to the meilian line. At their junction lies this fissure. 
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Since all amis now open to surgical operation can be located with a 
definite relation to these three fissures, no further rules are necessary. 
As in opening the skull it is customary to make a fcnestrum of at least 
an inch in diameter, and as it is frequently necessary to enlai^ the 
opening much more, a procedure in no way dangerous under aseptic 
conditions, there is no difficulty in recognizing the fissures and con- 
volutions exposed if the rules are closely followed. Prior to the large 
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The rclatiou of the Sssutcb of Itolando and SylTlua to the skull: 


incision of the scalp it is well to mark certain points upon the skull 
by the sharp point of a chisel, so that when the bone is laid bare sur- 
face landmarks may still be kept in view. 




PART 11. 

OEGAMC NEEVOUS DISEASES. 


SECTION I. 

INJURIES AND DISEASES OF THE NERVES. 

CHAPTER VI. 

INJURIES OF NERVES. NEURITIS. 

INJURIES OF NERVES. 

Neuves are fre«jucntly injured, being exposed in their long course. 
The pathological effects of such injury and ^e symptoms pnxlucetl are 
somewhat different from those due to neuritis. Henw they rwjuire 
a separate consideration. The pathologiml effects of injuries to nerves 
have been ascerhiined very largely from expcirimental division iu ani- 
mals, but there is every reason to believe that the process iu man is 
identical with that in animals. These effects are still a matter of con- 
troversy, different observers having seen different apj>earances. 

After division of a nerve trunk a prcxicss of degeneration sets in at 
the point of injury and involves a small portion of the central end, 
and the entire peripheral part of the nerve, from the scat of injury 
onward. This process may be more or leas complete, and may or may 
not bo followetl by a second prcKJCss of regcneriition in tlic injured 
nerve. It is necessary to distuiguisli between the degenerative and 
regenerative processes. 

The Process of Degeneration. — When a nerve is compressed by a 
ligature or forceps without sufficient force to rupture tlic sheath of 
Schwann, the myelin is driven away from the point of pressure iu both 
directions and the axis cylinder is disintegrate and mingled with it. 
It might be supposed that tlie nodes of llanvier wouhl j>revent such a 
driving back of the myelin, but they seem to offer Irat feeble resist- 
ance, so that the entire fibre on either side of the compressed 8jK)t is 
bulged out for some little distance, the sheath of Sthwann between the 
distended portions being left empty or containing only a little granular 
debris. If the sheath of Schwann is ruptured or is cut through the 
myelin exiules in little drops, which are mingled with the d6bris of 
the axis cylinder. In a short time changes of a degenerative character 
are observed in the nerve on both sides of the point of compression or 
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Rosenheim ' describes certain cells which he calls connective-tissue 
cells, that take an active part in all processes of nerve inflammation, 
and it is possible tliat these are the bodies that Tizzoni considereil leu- 
cocytes. Ranvier holds that the segmentation of the myelin is due to 
the increase of the protoplasm about the nucleus of the segment, 
and that it is this protoplasm tliat replaces the myelin. Neumann 
holds tliat the granular mass resulting from the disintegration is not 
protoplasmic, but is a dfibris capable of acting as the basis for processes 
of regeneration after undergoing a chemical change. All authorities 
admit that the granular mass may be gradually absorlx'd, leaving the 
sheath of Schwann collapsed and empty, or containing only granules 
of d6bris. (Fig. 81.) 

Fio. 81. 



Df^ticrailon of a nerve fourteen da^a after injury. Osmic acid atalns the fatty debris of the 
nitKlullary sheath black. 


As the myelin undergoes these changes the axis cylinder usually 
becomes involved. Some authors, it is true, believe that it remains 
intact and that, although deprived of its function, it is taipable of 
resuming that function at any time when regeneration of the myelin 
sheath has taken place. Such authorities as Weir Mitchell* and 
Wollxrg* have given their approval to this view. It is probably 
true for the very mild cases, but not for severe ones. Ranvier 

•Centralbl. f. d. med. "Wimea., 1878, Nr. 13. 

’Injurioi of Nerves, 1872. ®Arch. f. Psych., Bd. xvii., 820. 
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believes that the protoplasm of the nucleus attacks and destroys the 
axis cylinder as well as the myelin. Neuman and Mayer hold 
tliat it is split up into s^ments like the myelin, becomes mingled with 
it and undergoes the same process of chemical change and absorption. 

The sheath of Schwann also takes part in the process of degenera- 
tion. When that process has fairly begun numerous nuclei are 
observed lining this sheath in each interannular segment. They may 
have come by a process of segmentation from the original nucleus of 
the segment, as Kanvier holds. But Neumann and Mayer have shown 
that they appear as early at die extremities of the segment as they do 
in the vicinity of the nucleus, and therefore consider them a new for- 
mation originating in the granular or protoplasmic mass. Tizzoni 
thinks them emigrated corpuscles, while Rosenheim holds that they 
come from the connective-tissue cells along the sheath, which divide 
and multiply and show powers of emigration as soon as the process of 
degeneration begins. When the granular mass is absorbed these 
nuclei remain scattered along the sheath of Schwann, and it has been 
suggested that, when in an empty sheath a new axis cylinder appears, 
it owes its existence to these nuclei which arrange themselves in a line 
and develop into the new fibre (Wolberg). This view, however, has 
not met with general acceptance, though recently urged by Ballance 
and Stewart.* If no regeneration occurs they disappear gradually, 
and then the only relic of the former nerve fibre is the empty, col- 
lapsed sheath of ^hwann, which remains as a connective-tissue strand. 

The increase of nuclei and connective-tissue fibrils in the endo- 
neurium and perineuriiun which accompanies the process of degen- 
eration, aids in the transformation of the nerve into a band of connec- 
tive tissue. (Fig. 82.) 

The degeneration that affects the nerve is continued to the terminal 
plates upon the muscle. These arc changed into masses of granules 
and are finally absorbed, connective-tissue plates being left.* Whetlier 
any changes occur in the sensory terminal organs, such as the tactile 
corpuscles or terminal bulbs, has never been ascertained. Those who 
believe that the individual axis-cylinder fibrils terminate in the epi- 
thelium of the skin cite the trophic changes that often occur on ^e 
surface as evidence that this covering of the body shares in the nerve 
changes. The process of degeneration is complete in about two weeks 
after the injury. * 

The cut end of the divided nerve becomes swollen into a bulbous 
extremity by a growth of connective tissue and by the development of 
fine nerve fibres in process of regeneration. This forms a very sensi- 
tive scar. 

Whether a true union of the divided ends ever occurs is still a mat- 
ter of dispute. The majority of authorities, following Ranvier, 'affirm 
that while a primary coaptation of the ends by an exudate or nerve 


*The Healing of Nerves. The Macmillan Co., 1902. 

‘ Oeteler. Die motorische £ndplatte and iiue ^eutong ffir die pen’phere lithmung. 





Cross-section of the Brachial Plexus in a Case of Neuritis. 
(March! stain.) 

The degenerated fibres in the different bundles of nerves (^) are stained black, in 
every bundle a number of such fibres are to be seen, g, artery ; /, fat. 

(KIstsu, .spec. Pathol, u. Therap.. NolbnoKel, Hd. xi., Tof. iii.) 
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callus, which is secondarily transformed into connective tissue, may 
occur and hold the ends in position, no true primary union of nerve 
fibres is possible, and under all circumstances the degenerative process 
already described goes on to completion. Gluck,‘ however, chums to 


Fig. 82. 



Cross-ecctlon of an ulnar nerve In a state of degeneration. The bundles of nerves on the left sido 
are cotupleC^y degenerated. 

have observed an actual union of the two ends, with reestablishment 
of function, at a time too early to have admitted the occurrences of de- 
generation and regeneration when less than one centimetre of the nerve 
is removed ; and Wolberg and Bowlby,* approaching the subject from 
the surgical side and considering the results of nerve suture, incline to 
the same view. All surgeons believe that function may be rapidly 
resumed after suture of freshly divided nerves, and rapid restoration 
of sensation, absence of wasting, and retention of muscular contractility 
may be taken, according to Bowlby, as certain proof of restoration of 
continuity of a .divided nerve. It seems probable that under different 
circumstances different processes occur. It is undoubtedly true that 
in some cases the degenerative process, so graphically pictured by 
Ranvier goes on, from the beginning segmentation of the myelin down 
to the final result in the connective-tissue strand, the relic of the empty 
sheath of Schwann ; while, in other cases of a less serious nature, the 

^Virchow’s Arch., 1878. Report of Snr^cal Congreaa at Berlin, 1880. 

' * Bowlby. Injuries of Nerves, 1896. 
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destruction is less complete and there remains a fibre consisting of a 
slieath of Schwann, containing a granular nuiss which may be eitlicr 
an axis cylinder or a mass (tapable of developing into an axis cylinder 
under favorable circumstuuces. If this is the case we can affirm that 
brilliant surgical successes, with rapid restoration of nerve function 
after suture, are possible when only partial degeneration is present, but 
are im{K>ssible when total and extensive destruction of the nerve fibre 
has occurred. 

The Process of Regeneration. — After the process of degeneration 
has gone on for some time in the nerve fibre it ceas(>s, and the process 
of regeneration begins. This may commence about two weeks after 
an injury or experimental section. With regard to the method of tliis 
process two divergent views are held. Eanvier and his followers 
afiirm that the new nerve is wholly a protluct of the central end of the 
injured nerve, growing out from it and making its way along the track 
of tl)e peripheral end, which takes no active part in the process. This 
view has recently received confirmation by the studies of Harrison on 
tlie embryology of the nervous system.* Neumann and Mayer, and 
more recently Ballance and Stewart, have affirmed, on the contrary, 
that the regeneration goes on in the peripheral end of the cut nerve, 
segment by segment being formed successively or simultaneously, the 
new nerve being built up by the union of each distel segment with the 
one lying centrally to it, until the process is complete. These various 
views demand a more exact statement. 

Ranvier describes several ways in w’hich the new fibres issue from 
the central end. He has seen the central end of an individiuil nerve 
fibre iKXJome hypertrophied, and from this swollen part a single new 
fibre stiirt out already mcdullatcd and grow onward into the old 
sheath, which it follows down until it reaches its end. He has also 
seen a single axis cylinder grow out and then divide into two, or even 
more, axis cylinders, each of which devclojw into a complete mednl- 
lated nerve. Such a division of one axone into several is wholly at 
variance with the neurone theory and is questionable on that account. 
By the aid of the nerve callus or cicatricial tissue, that usually joins 
the central end with the degenerated peripheral end, the new fibres are 
directed outward toward the periphery. And when tliey reach the 
peripheral end of tlie cut nerve they insinuate themselves info the old 
remaining sheaths of fehwann or between those shenths, and gi-ow on 
and outward until at last they reach the termination of the peripheral 
end, and the regeneration is complete. The terminal plates upon the 
muscles sire renewed by a reproduction of protoplasm in the plate. 
The prxjess thus described is in accordance with the process of original 
development of nerve fibres from nerve cells in embryonal life. 

The description given by Neumann and Mayer is very different." It 
will be remembered that they describe, as a result of the process of 
degeneration, a band of fibres each consisting of a sheath of Schwann 
containing a granular mass. They hold that the process of regenera- 

■ ‘Johns Hopkins Hospital Beports, January, 1906. 
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tion begins in this mass. Within it they have seen a narrow band of 
fine homogeneous substance appear, which lias the structure of a rudi- 
mentary axis cylinder. This does not fill the sheath of Schwann and 
is often presstni aside by the nuclei which lie in that sheath. It is not 
at first continuous with the end of the old axis cylinder, remaining in 
the central part of the compressed or divided segment, but as it 
increases in definite structure it approaches tliis old axis cylinder, and 
finally unites witli it. At the point of union a ring of Ranvier is 
formed. As this axis cylimler develops a substance is gradually 
formed around it, which is stained by osmhi acid. This increa.scs in 
thickness as the protoplasmic mass and tlic nuclei diminish, until it 
finally forms a new myelin sheath. The new myelin sheath is never 
continuous with the old one in the central end of the nerve, since it is 
separated from that by the ring of Itanvier ; but often at first the old 
shciith seems to bulge out and encircle the new shesith, though tliis 
appearance is never permanent. At the point of union of tlie new 
fibre with the old one nmdei are often found, but tliese, like the others, 
gradually di8ai)pear. Lastly, a new sheath of Schwann is pnaliKed 
around the new myelin sheath and within the old sheath of Schwann. 
It presses aside the old shenth, together with such masses of protophtsm, 
drops of myelin and nuclei as may remain, leaving them thus wholly 
outside of the new-made fibre, so that tli«;y <!oalesce with and nnike part 
of the endoneurium. The new slieath of Seshwann has but one nucleus 
in each segment and presents the nodes of Ranvier at regular intervals. 

Neumann has shown that this process goes on in every individual 
segment of the nesrve sheath, so that in segment by scigment, proeswid- 
ing toward the periphery, the regenemtive changes occur, and as each 
segment approaches completion it joins itself to the pn'ceding one, 
until finally the nerve is rcesteblishcd in its entire length. As the 
degenerative process begins in the segment msirtist to the point of 
compression, so does tlie process of regeneration, and in some nerves 
the two processes may be seen going on togcither, the segments near 
the seat of injury being renewed, while those at the periphery are still 
in a process of degeneration. The new fibres do not gn)w out fmm 
the old ones, as Ranvier describes in the regeneration of cut fibres, but 
protoplasm, with specific developmental properties, forms and differ- 
entiates the elcmente of the new fibre and then unites it to the old one. 
The new fibres are at first somewhat smaller in mlibre than the old 
ones, but they gnidiially attain a normal size, and then the process 
may be ssiid to be completed. 

While Neumann would have the new fibres develop from the gran- 
ular mass remaining in the old sheath of Scihwann, Gunther, Hjelt, 
Wolbei^, Weir Mitchell, and Ballanca; ami Stewart agr(.*e that they 
may originate from the nuclei of the old sheath, or even from con- 
nective-tissue cells and neurilemma nuclei remiiining in the connective- 
tissue strand. The most important evidence of such regeneration is 
offered by Bowlby.* In three cases of division of nerves in which 

* Injuries of Nerves, page 25. 
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union was attempted by operation some months after the injury, he 
found regenerating nerves in the peripheral portion. There were new 
fine fibres much smaller than natural, and in some the myelin sheath 
was scarcely perceptible. In some, however, the myelin sheath was 
fully developed, including the nodes of Eanvier. The origin of these 
new fibres was clearly from nuclei which seemed to be identical with 
the nuclei of the sheath of Schwann. These had arranged themselves 
in bundles with tlieir long axis parallel to that of the nerve trunk. 
Then tlic nuclei had elongated and finally been transformed into fibres 
around which subsequently a myelin sheath w’as formed. A similar 
process has been fully described by Ballaucc and Stewart. 

It is evident, therefore, tliat the process of regeneration varies in dif- 
ferent conditions according to the exact stage of degeneration rejiched 
before it begins. If tlie final product of degeneration is a baud of 
simple connective tissue, it seems probable that the nerve fibre will 
have to grow into it from a central origin, as in its original develop- 
ment in foetal life. If, however, tlic connective-tissue cells recently 
discoverefl are neuroplastic cells and have the power of pro<lucing new 
nerves, just tus cells of periosteum may produce a new bone, and if, 
when degeneration cesjses, there remains a sheath of Schwann contain- 
ing a granular protoplasmic mass, it is not at all improbable that that 
mass may be diflerentiated into an axis cylinder and a medullary sheath 
and joined to the old nerve fibre — a process which has its analogy in 
the me<lullation of nerves in the embryonal state. If wc admit, with 
Wolberg, that in some cases the axis cylinder is not destroyed, the 
formation of new myelin is a rapid matter. That some such process 
as the one described by Bowlby and StcAvart must occur in many cases 
is certain, when the rapid recovery after minor injuries is considered and 
when the results of nerve suture are taken into account, for in both 
these conditions the return of function occurs long before a new nerve 
fibre starting out from the old one could have reached the periphery. 

It is affirmed by Mayer that individual nerve fibres in normal nerves 
are constantly undergoing these processes of degeneration and regenera- 
tion, either because the necessary renewal of worn-out tissue takes 
place in this manner, or because slight injuries from pressure or over- 
strain are sufficient to start up degeneration in single fibres. Such 
changes are more apparent in old age .than in youth, and in cachectic 
conditions than in healthy states. In all persons dying of infectious 
disciiscs they can be found well marked. 

The process of degeneration in the nerves consequent upon the 
destruction of the ganglion cells from which they arise — the so-called 
Wallerian degeneration — which is best seen in cases of anterior polio- 
myelitis, differa in no respect from that ensuing upon compression or 
division. 

NEUSITIS. 

A nerve may be inflamed in a short portion of its course — localized 
neuritis ; or it may be affected at many different parts — disseminated 
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neuritis ; or it may be diseased in its entire length — general neuritis. 
The process may be described as ascending or descendiog, according to 
the direction in which the disease makes progress. Even when the 
lesion is a strictly local one, limited to a short portion of a nerve, 
extensive secondary changes occur from the part alfcctefl outward ; and, 
as these may involve the entire length of die nerve, regeneration and 
repair may require a much longer time than is taken by the healing of 
the original lesion. General constitutional states may produce a simul- 
taneous neuritis in many nerves — multiple neuritis — and as this con- 
dition develops usually in the distal parts of the nerves, it is often 
termed peripheral neuritis. Neuritis may also occur secondarily to 
inflammatory changes in other parts, as with periostitis or abscesses. 
Syphilitic deposits in the nerves, tubercles in the nerves, cancer or 
other ficopksms along the nerves may cause a proliferation of the con- 
nective-tissue elements or a true ditfuse inflammation. 

After wounds and in juries of the nerves a condition has occasionally 
lieen seen which is known as ascending neuritis or migratory neuritis. 
Tender spots along the course of the nerve above the point of injury 
and pain in the course of the nerve us high as its root in the plexus 
have been observed in a few cases. Tliis has kien chiefly in jiaticnts 
in whom there has been an oiien wound at the point of primary injury 
and where there has been a suspicion of an ascending septic process in 
the nerve. Tlie neuritis, however, is not always a continuous one frera 
the point of injury upwani, but in a few cases tender spots have been 
found at some distance above, without any change in the intermediate 
space. Hence the term migratory neuritis. Tlie migratory form is 
supposed to be characteristic of septic infetition, the sepsis extending 
along the connective-tissue sheaths of the nerve. When there is no 
open wound to account for this sepsis, a septic condition of internal 
origin, associated with obliteration or plugging of the blo<Klvcssels and 
widi the production of a gangrenous area, has been recorded iis a cause. 
While cases of ascending neuritis in the continuity of tlie nerve liave 
been produced experimentally, it has not been possible to produce 
migratory neuritis when the wound has been kept aseptic. In some 
cases of traumatic neuritis a very extreme condition of tenderness of 
the limb above the point of injuiy, together with inability to move the 
joints and a general hypersensitive state witli pain in the joints, occa- 
sionally develops. This condition, however, must be considered as 
probably hysterical, and usually develoi)s only in hypei’sensitive or 
neurasthenic individuals. It is not necessarily attended with a distinct 
localizable tenderness along the 0001*86 of the nerve, though this may 
also be present. The number of cases of ascending neuritis recorded 
in the literature of the past few years is very few. I have never seen 
a case of true ascending neuritis, though I have seen many cases of 
painful aflection of the extremities above the level of the neuritis that 
were hysterical in their nature. There are some cases which are not 
hysterical. In these the explanation of the condition is found in the 
fact, well known to psychologists, that mild irritation long continued 



164 


INJURIES OF NERVES. NEURITIS. 


produces iu a nerve eciitre a hyperseusitive state by what is known as 
a summation of impulses. In this state slight impressions are l^elieved 
to be intense and local impressions become generalized and widely 
referred. This state may l)e induced by neuritis long continued and 
has been mistaken for au ascending neuritis. 

Pathology. — A nerve which is inflamed is red and swollen, is lack- 
ing in its natural surface lustre, and is no longer firm and smooth to 
the touch. Its vessels are <!ongcsted and tliere may be hemorrhages 
within its sheath. If the process has l)een in prt)gres8 for some time 
there may be bulbous swellings on the nerve the result of connective- 
tissue infiltration, or tlie nerve may be markedly atrophied. Such 
bulbous thickenings are very common after injuries and always occur 
after a division of a nerve on the centl^il end. A section of the nerve 
viewed by the microsi*opc shows a distention of the vessels, an infiltra- 
tion of endoneurium with small cells, and a thickening of the connec- 
tive-tissue elements. 

The microscopic changes are similar to those produced by injuries of 
the nerves. Yet it is possible to distinguish l>etween cases in which 
the lesions are chiefly limited to the axone and medullary sheath — the 
parenchymatous form of neuritis, and cases in which the lesion affects 
more especially the connective tissue about the fine fibres and the endo- 
ncurium and perineurium — the interstitial form of neuritis. In the 
latter the bloodvessels and lymphatics fake a more active part in the 
inflammatory changes. 

In parencljyraatous neuritis at the outset the myelin sheath appctirs 
slightly swollen, is leas homogeneous, and, from a difference of refrac- 
tive power, is less translucent. It then becomes split up into segments 
of diffenint length and form, the scgmenhition occurring prefcmbly at 
the incisures of Schmitt, while tlie incisures at other parts disappear. 
Between these segments of myelin a finely granular protoplasm is seen in 
which new nuclei are found. In some fibres the axis cylinder may still 
be preserved. In others it is broken at the same places as the myelin. 

At the next stoge of the proceas the changes are more marked. The 
myelin is now rctluced to a series of small globules surrounded every- 
where by granular protoplasm, and in this protoplasm the nuclei are 
now very numerous. The axone cannot be distinguished in the mass, 
as a rule, but occasiigially a fine line is seen passing through the mass, 
which may be a remaining axone. (See Fig. 81.) 

The succeeding stage presents a diflerent picture. While up to this 
time the size of the nerve fibre has remained about normal and uni- 
form, it is now seen to vary. At places the fibre is still wide and 
filletl with a granular mass ; at other places it is narrow, the mass 
having disappeared, leaving either a collaps'd sheath or a shesith <!«)n- 
tainiug only nuclei here and tiiere. In a few such narrow fibres there 
seems to be an axone lying directly within the sheatli of Schwann, and 
occasionally separated .from it at various places by nuclei ; but, as a 
rule, BO trace of the axone remams. As any single fibre may show 
constrictions at some places, dilatations at others, the variation in its 
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calibre is the most striking feature of tins stage. In the terminal 
stage the calibre is uniform again, but is now everywhere reduced. 
The sheath of Schwann is empty or coutiiins only a little granular 
substance and the nuclei are now less numerous than belbre. There 
is, in fiwit, only an atrophied tube with none of its original contents. 
These tubes lying side by side aro folded and undulating, and appcitr 
like a strand of connective tissue. 

These various stages of partmehymatous inflammation are to be seen 
in different fibres in the siime specimen. They are prosent not only 
at the seat of inflammation, but they are present from this point onward 
to the end of the nerve, constituting the (hange known as secondary 
degeneration. Their appe:u:ancc is i<lentiml with that observwl in the 
course of degeneration of a nerve after compression or after <lesfruc- 
tion of the neurone body in the spinal coial, as in anterior poliomye- 
litis. This had le<l such an accurate observer as Erb ’ to advance the 
hypothesis that in cases of multiple neuritis due to toxic agents some 
slight changes in cells in the spinal cord, not visible to the microscope, 
are present primarily, and tliat the changes in tlie nerves are sccondiuy, 
the nutrient p>wer of the cell being incapable of supporting the entire 
axoue, whi(!h thus shows changes in its most distal ^mrt. It has lately 
been shown by means of the Nissl stain tliat after any nerve lesion in 
the periphery a change occurs in tlie entire length of tlie axonc and 
also in the central ctdl body, of which tliat nerve is the axoue. (See 
Plate II., (J.) This change is a degeneration ; but at the end of a 
mouth it becomes stationary, and then gnulually the cell Ixsly regsiins 
its original appearance, even though the axonc may remain degcaier- 
ated. Such cell change, thereforo, is not necesssirily the primary con- 
dition in neuritis. Striimpell urges that pin’enchymatous neuritis has 
its parallel in other pareuchymiitous infliimnuitions, and thereforo denes 
not need to be traced to any primary afteeetion in the cells ; and hence 
Erb’s hyjKithesis h.as not met with genersd aeicejitation. 

Interstitial neuritis presents a different appearaiuie. In this condi- 
tion inspection shows the nerve to be congested, swollen, thicker than 
normal, and lacking in lustre, or to lie yellow and irregularly swollen 
by the accnmulation of pus and serum, or to be reiluced to a mere con- 
nective-tissue strand. Upon teasing the nerve it is at once evident 
from its brittleness, that individual fibres are lacking in continuity and 
are changed in structure ; and if it is examined under the microscope 
the exudation of scrum and of inflammatory corpuscles, the grt'at in- 
crease in the number of connective-tissue nuclei, the distended condi- 
tion of the vessels, as well as the various apjxiarances charactiiristic of 
nerve degeneration, are clearly seen. The thickening and hy|ierpiasia 
of cudoneurium and perineurium are well nnirked in the older cases. 
Here the inflammation is originally an interstitial inflammation, though 
later it becomes a diffuse one. It is ]K)ssiblc that the degenerative 
protxisses in the nerves may have been due to the compression by the 
products of inflammation exuded within tlie nerve sheath. In one or 

*Keuro]. Centralbl., 1883, p. 481. 
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two cases where the patient died early in the disease the nerve fibres 
which lay near the vessels were affect^ to a greater degree than those 
lying deeper, and from this fact it Avas concluded that their degenera- 
tion was secMAiidary. In otlier cases, however, all the fibres in a bundle 
were equally involved. It is probable that in some cases the inflam- 
mation is diifu^ from the outset, parenchyma and interstitial tissue 
being afiected simultaneously. Oue marked feature in these cases is 
die large amount of fatty deposit found in the altered nerves, as shown 
by the Marchi stain. This is to be ascribed to the fact that myelin in 
undergoing degeneration breaks down into globules and undergoes a 
fatty change. It is itself allied to fat, and making up, as it does, a 
large jiart of the bulk of the fibre, it would be noticeable in the product 
of degeuemtion if it wei’e not absorbed. Sometimes the absorption 
seems to be interfei'ed with by the vascular condition, and hence the 
residual amount of fat is increased. (See Fig. 80.) 

Oue additional pathological form must be mentioned, since it has 
been described by such a careful observer as Gombault.* It is the so- 
called segmental pcriiixillaiy neuritis. In toxic neuritis from lead and 
alcohol poisoning, Gombault found that the degenerative prxKjcss was 
not uniform in die entire length of the nerve fibre. On the contrary, 
entirely normal segments alternated with the degenerated segments in 
the nerve. Mayer has noticed a somcwliat similar condition, and it 
has been dcscribki as occurring in senility. The changes alresnly de- 
scribed take place in the myelin slicath of the affected segment, even 
to its entire absorption, leaving the axis cylimler in the sheath of 
Schwann ; but, as the adjacent segments are not iuvolvefl, regeneration 
is thought to be more «isily accomplished. Pitres and Vaillard * have 
noticed a somewhat similar condition in the neuritis occurring after 
diphthena, although in their case the axis cylinder as well as the 
myelin sheath was totally destroyed in many segments. 

Oiicasionally simple atrophy of nerve fibre has been observed ; a mere 
gradual reduction of all the elements Avithout any degenerative process. 

While it is, of course, impossible to describe definitely the process 
of regeneration that goes on after neuritis, there is no reason to sup- 
pose that it differs in any way from that observed in experimental 
lesions. The time requir^ for the completion of the process will de- 
pend upon the severi^ and extent of the degeneration. When that is 
slight the recovery may be rapid, cases having been reported where a 
total restoration of function took place in two months. As a rule, 
hoAvever, it is a slow process. The large majority of the cases require- 
over six months for the complete regeneration, and in not a few cases 
from ten to sixteen months elapse before the condition of the nerves is 
proved to be normal by the total .disappesirance of all symptoms. ' 

Symptoms. — The symptoms of neuritis or of injuries of the nerves 
have bwn describeil on pages 38 to 44. The special symptoms de- 
})cnding on the nerve Avhich is affected are considered separately in the 
next ulMpt(‘r. 

' Archives de Phys., 1873, p. 592 ; also Arch, de Neurol., i., 1. 

‘De la n^rrite segmentaire. Arch, de Neurol., xi., 337. 
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Prognosis. — Tlie prognosis in neuritis, as a rule, is a good one. 
We have seen that there is a spontaneous tendency to regeneration in 
a nerve that is injured or that has been affected by inflammation, and 
while this progress to^vard recovery is usually slow, yet eventually it 
becomes complete and all the functions of the nerve are restored. Tlie 
only factor in preventing a I’eeovcry is the impossibility of a union be- 
tween the severed ends of the nerve, or the interposition of callus, or 
the development of a connective-tissue scar which prevents a reestab- 
lishment of continuity ; but, after such obstructions are remedied by 
surgical treatment, regeneration takes place, even though the obstruc- 
tion may have persisted for many months. Therefore, the eventual 
prognosis of recovery in neuritis is good. Spontaneous recovery, un- 
less the nerve is put in a normal condition by being freed from scar 
tissue, may not occur. I have seen a man, aged fi%^-two years, who 
had suffered since tlie age of six years from paralysis and atrophy of 
the muscles controlled by the ulnar nerve. At that time his elbow 
was fractured and dislocated and the nerve displaced, so that it passed 
over the olecranon, where it could be felt. Until the age of fifty years 
he suffered from partial paralysis and anesthesia, and then, from un- 
known cause, his symptoms, pain, numbness, and atrophy increased 
rapidly, and he suffered much. Complete recovery of power and sen- 
sation followed an optiration that repaired the nerve, though so many 
years had elapsed since the injury. 

Bruns * has recently called attention to the ultimate results in injuries 
of the nerves and of the plexuses, and has shown that wliile two-thirds 
of his cases of nerve injury recovered, only about one-<juarter of the 
cases of injuries of the plexuses were cured.* 

Treatment. — In the treatment of injuries and wounds of nerves or 
in spontaneous neuritis the first and most important object is to secure 
tlie possibility of regeneration by establishing the continuity of the in- 
jured nerve. If tlie injury is from a stab wound it is imiiortant that 
the severed ends of the nerve should be brought together and carefully 
united, or if laceration has taken place, so that there is a loss of con- 
tinuity, a flap can lie made from botli ends and these elongated nerves 
then united ; or it is possible to insert the ends within a tube of decal- 
cified bone to serve to direct the regenerating fibres outward toward 
the distal end. Even those who teach that regeneration occurs in the 
severed end admit that it is only rapid and jierfect when such union is 
established. If the nerve has been lacerateil by a fracture of bone or 
by a strain it is usually suflicient to set the fracture or to place the 
strained part in splints, thus securing its immobility for a time and 
allowing nature to effect the proper repiir. Occasionally, however, 
when the fracture has united, or when the local swelling and pain of 
the strain have gone down and the bony thickening or the induration 
about the strained part has disappeared, the nerve will still Im; found 
to have lost its function. If after six weeks’ treatment by electricity 

*L. Bruns. Neurol. Cent., Novemljer, 1902. 

•Kennedy. Brit Med. Jour., February 7, 1903. 
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and massa^ye it is still evident that there is no progress towanl recoveiy^ 
it is advisable to expose the point at which the nerve was injured. It 
is sometimes found that regeneration has been prevented by the growth 
of a connective-tissue mass, and occasionally it is found that a mass of 
bony callus has filmed about the nerve in such a way as to keep up 
pressure. Thus, in a case of ulnar neuritis under my observation, pro- 
duced by fracture at the elbow, the repair of the fracture and the 
restoration of motion in the joint were not attended by a recovery from 
the neuritis. It was evident, by jmlpsition, tlmt a Iwny callus still 
existed alrout the nerve at tlie elbow, and surgiciil exploration showed 
the nerve to be completely emlMxlded in this mass. When this was 
chiselled away and a groove formed in which the nerve could lie freely, 
and the two ends were approximated by a flap, regeneration and re- 
covery ensued. In a case of an infant in whom brachial neuritis 
fnrm pressure above the clavicle during delivery had ooourred, and a 
permanent paralysis of the arm had remained for seven years, sui^ical 
exploration discovered a mass of sc-ar tissue lying upon the nerve tnink 
and about twice its diameter, which had prevented regeneration, and 
when this was removed and the ends of the nerve approximated re- 
covery ensued. It is evident, therefore, that tlie first requisite in the 
treatment of injuries of nerves is to restore, if jmssible, the original 
position of the nerve, so tliat nature may produce regeneration. 

In cases of spontaneous neuritis from cold, etc., the only thing nec- 
essary is to maintain the parts in a perfectly quiet position, and, if 
possible, to reduce any congestion in the inflamed nerv'c. This may be 
done by the use of counter-irritants, of which the actuixl cautery is 
probably the best. Light touching with a Paquelin cautery along the 
course of the inflamed nerve will often give relief to intense pain and 
will re<luce the congestion which attends spontaneous neuritis. Small 
mustard plasters are also of service. 

Ijo<ad applications of heat are often very grateful in piiiuful condi- 
tions of neuritis ; in fact arc mucih more agreeiible to the patient than 
cold, hence poultices or packing the affccte*! limb in cotton-wool cov- 
ered with oiled silk may be of service. In the more severe cases, 
where pain is frequently intense and keeps the patient awake at night, 
it is neciessary to use medicines. The newer analgesics seem to have 
the power of «liminishing .painful sensiitions in peripheral nerves, and 
hencephenacetin, 5 gnrlns; antiixyrine, 10 grains; acetanilid, 3 grains; 
exalgin, 3 grains, or salophen, 10 grains, may be used eveiy two or 
three hours. It is sometimes possible to obtain a better action by a 
combination of these, to which a small amount of codeine may be 
added if the pain is very jxersistent. The following formula is a 
favorite and very cfficjjcious : 


IJl. — Phenacctin gr. vj. 

Acetanilid gr. iij. 

0>deine J; 

Caffeine _ ij* 

Saccli. lactia gr. v. 


M. Triturate. Sig. — One such powder every three hours. 



NEURITIS. 


169 


Codeine is a useful remedy, but in many cases it is necessary to re- 
sort to hypodermic injections of morphine. These msiy he used freely 
and with less danger of pnxlueing a habit in neuritis than in any other 
affection, inasmuch as the gradual recovery will insure a diminution 
of the pain and the eventual cessation of the use of the drug. The 
tenderness of the nerve to any manipulation and the pnxluction of 
pain by any movement are sufficient to induce the patient to keep the 
part in peidect rest, which is essential to recovery. The ainesthesia in 
the skin within the domain of the affected nerve can Ixj speedily re- 
duced and in many cases entirely removed by the application of the 
faradic brush. One pole of the battery should be place«l high up 
upon the limb that is affected, or upon the trunk, and the brush sliould 
be applied in the anassthetic area. The strokes should be from the 
adjacent sensitive skin into the anaesthetic region, and the strength 
of the battery should be moderate, yet just sufficient to pro<luce a dis- 
tinct sensation of the electric current. In this way it seems as if it 
Avere possible to pnxluce an extension of sensibility from the sensitive 
area into the adjacent insensitive region, and thus to ojxiu up auasto- 
motic paths through the skin. 

The paralysis following a nerve injury or neuritis requires ele<!trical 
treatment. In the majority of such cases the fanidic contracitility iu 
the muscle is lost ami it is ustdess to apply faradism. The giilvanic 
contractility, however, is always preserved, even though it may Ixj 
diminished. For, by a strong galvanic current, even in the worst 
cases, a fair contraction can be prodiwxxl in the parjdyzed muscle when 
the current applied to the muscle is interrupted by meiuis of tiic inter- 
rupting clectnxle held in the hand. The pole to Ixi used over the 
mustde should Ix) that to which the musede responds most quickly. 
If a complete reaction of degeneration is present the positive closure 
contractility will be greater, and then the positive pole should 1x5 
placctl upon the muscdc. If a piirtial rea(!tion of degcneriitiou is pn)s- 
ent the negative closure ctmtraetility will 1x5 greiiter, and then tlic 
negative pole should be usc<l. Tlie other pole is to be appli<?d to the 
limb higher up in the course of the nerve. The application should be 
made daily and should last about five minutes to each mus(dc. The 
object of such applications is to exercise the pandyzwl muscle. It is 
not probable that the effect of the electricity is in any way to increase 
the repair of the nerve or to aid its reg<5neration, hence there is no 
object in giving a continuous current to the nerve, as some authors 
advise. The electrodes should be of sponge and covered with clean 
gauxe, and wet with warm salt water. 

The paralysis may be also aided by massage and careful manipula- 
tion of the joint which the paralyzed muscles should move. In cuses 
of spontaneous neuritis where the nerve is very tender, massiige nuiy 
be so painful as to be injurious, and it should always be n‘mcmlx5re«l 
that massiige, to be useful, should be painless. I have seen 8t5V(!re 
injuries of nerves follow the painful manipulation of unintelligent 
masseurs and osteopaths, and the statement whi(sh such individuals 
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often make, that if their manipulations cause pain they are thereby 
doing good, is absolutely false. The object of massage in paralysis is 
to increase the nutrition and circulation in the paralyzed muscles. It 
should be done gently for about one-half hour daily, and should be 
followed by a sens? of warmth and comfort, and not by fatigue. 

A secondary result of the paralysis of certain muscles is the contrac- 
ture of their healthy opponents, producing forced positions in a joint 
and very often quite serious deformities. The joint may even become 
stiff or the bones may become displaced. Thus in wrist-drop which 
follows musculospiral palsy the intrinsic bones of the hand are not 
uncommonly displaced, so tliat a distinct protuberance upon the back 
of the liand becomes visible. Manipulations of such displaced or stiff- 
ened joints are very valuable, and should be urged from the very 
beginning, in onler to prevent deformity or stiffness. 

The trophic symptoms which occur in neuritis usually yield at once 
to a careful disinfection of the skin and protection of the skin from 
extraneous injury or infection. This can be attained by washing the 
parts in a solution of bichloride or of carbolic acid, applying carbolized 
vaseline to tlie surface, and wrapping in absorbent cotton. It is very 
important to prevent the occurrence of these trophic symptoms by 
proper care of the skin from the very l)cgiuning, and pitients suffering 
from neuritis or having any aumsthctic regions shoidd be wamecl 
against the possibility of unnoticed injuries or bums. 



CHAPTER VII. 


INJURIES OF THE SPINAL NERVES AND SPECIAL FORMS OF 

NEURITIS. 

The affections of the cranial nerves will be considered in connection 
with diseases of the brain ; see Chapter XXXV. 

There are thirty-one pairs of spinal nerves which are named after the 
segments of tlie spinal cord from which they arise, there being eight 
cervical, twelve dorsal, five lumbar, five sacral, and one coccyg^l. 
The origin, course, and branching of these nerves are shown in Plates 
XIII. and XV. It is not needful to describe the anatomy of tlicse 
nerves as their course and destination is a matter of general anatomiotl 
knowledge and is shown in the plates, but it is necessary to consider 
certain si)ecial types. of neuritis and tlie results of injuries to certain 
nerves which are frequently met with in practice. 

OEBVICO-BBACHIAL NEURITIS. 

The anatomy of die cervico-brachial plexus is shown in Plate XIII. 

Etiology. — A neuritis of the cervico-brachial plexus may occur in 
the adult as the result of injuries to tlie neck and shoulder, especially 
after dislocations, as the result of spinal caries, or of tumors, or aneu- 
risms growing in the neck ; as the result of long-tiontinued pressure of 
the plexus upon an abnormal cervical rib, as in cases described by 
Kecn,‘ where full references to this subject are given ; as a sequel of 
any of the infectious diseases, especially grippe, or of toxic conditions ; 
from rheumatic and gouty states, and also from taking cold. It is 
more frequently met with in women, and perstms above the age of 
forty years are more liable than young persons. 

Symptoms. — If the neuritis is limited to the upper four cervical 
nerves a very intense occipital neuralgia is produced. The jjain runs 
up the back of the neck and over the head as high as the vertex, and 
is attended by extreme sensitiveness of the great occij)ital nerve to 
pressure ; by tingling and numbness, and by difficulty in the movement 
of the head because of the pain produced by motion. The head is 
often held stiffly on this account. Occasionally the hair of tlie scalp 
comes out. There is sometimes a weakness or paralysis of the deeji 
cervical muscles. 

If the neuritis is limited to the fifth and sixth cervical nerves or 
their branches in the plexus, pain is very intense in the neck above the 
clavicle, and is felt over the shoulder and in the axilla and down the 
back of the arm, and even into the forearm, and the paralysis afi'ccts 
the deltoid, biceps, coraoobrachialis and supinator muscles. 

»W. W. Keen, Amer. Jour. Med. Sci., Feb., 1907. 
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If the lower cervical nerves and the first dorsal nerve are the seat 
of the neuritis the pain and tenderness are very intense over the clav- 
icle, and the pain is felt down the front of the arm over the entire 
forearm and in the hand and fingers, and the paralysis affects the 
muscles of the forearm and hand. 

It is to be remembered that the spinal origin of the sympathetic 
nerve in the neck is in the last cervical and first dorsal segments 
of the spinal cord, and the anterior nerve roots coming from these 
segments contain the fibres passing to the cervical ^mpathetic. 
These nerve fibres leave the main cervical nerves soon after their exit 
from the vertebral foramina and ascend, lying deeply beneath the 
muscles. In the majority of cases of neuritis of the lower part of the 
brachial plexus they are not involved, but occasionally, if ftic infiam- 
mation extends deeply through the spinal nerve roots, or if these nerve 
roots are compressed by tumor, or are involved in caries of the spine, 
or are lacerat^ within the spinal canal, the symptoms of paralysis of 
the sympathetic appear. These symptoms are a slight retraction of the 
eyeball and narrowing of the palpebral fissure, the eyelids appearing 
partly closed and the outer angle of the eye being slightly drooping. 
Tlie pupil is somewhat contracted and does not dilate fully when the 
eye is shaded. There is a slight pallor of the side of the face and 
neck, an unusual dryness of the nostril and mouth on the side of the 
injury, and a diminution in the secretion of sweat on the neck, arm, 
and chest of the injured side. If the patient is subjected to h^t the 
injured side docs not flush and perspire in the normal manner. 

The existence of these symptoms of injury of the sympathetic, to 
which attention was first directed by Klumpke, is sometimes of much 
importance in diagnosis, as ftn indication that an injury of tlie 
plexus is present. Thus in a patient seen with Hartley at the New 
York Hospital, who had fallen several stories and sustained a fracture 
of the right side of the cranium and a manifest strain of the left arm, 
it was important to determine whether the paralysis of the left arm was 
due to a laceration of the brachial plexus or to an injury of the brain. 
The existence of great pain on pressure over the brachial plexus and 
on motion of the arm, with almost total anaesthesia of the hand and 
arm below the elbow, and the presence of the symptoms indicative of 
injury of the sympat^tic nerve in the neck, m^e it evident that the 
paralysis of the afm was due to a laceration of the nerves of the 
brachial plexus and not to a cerebral injury. The development of the 
reaction of degeneration in the muscles in the course of ten days con- 
firmed this diagnosis. Usually in brachial neuritis several conls of 
the plexus are involved simultaneously, and ftien the pain radiates 
over all the branches of the nerves which arise below this 'plexus. 
Plate XIII. shows the formation of this plexus from the nerve roots 
and the distribution of the cords of the.plexus to the various nerves of 
the arm. Plate XIV . demonstrates the distribution of the cutaneous 
nefv^ in the skin of fhe arm. 

Aj^jbomparison of the symptoms developing in any case, namely, the 




-Y-ViV 


Lon^t fteje*>rn v/ Jlui/ers 




CEBVICO-BEACHIAL NEWBITIS. 173 

distribution of the pain, of the lines of tendemesi, of the areas of ting^ 
ling, numbness, and anaesthesia, with these diagrams will serve to 
indicate what branches of the brachial plexus are involved in the neu- 
ritis. As cases differ widely from one another in the extent of impli- 
cation of the nerves, it is only by such a comparison of each case with 
a diagram that a definite diagnosis can be reached. 

Severe injuries of the brachial plexus may result in a tearing of the 
nerve roots within the spinal canal, as well as in a direct injury to the 
plexus itself. Such lacerations of the nerve roots produce symptoms 
which are difficult to differentiate from the symptoms cause<l by an 
injury of the cords of the plexus. The diagnosis can sometimes be 
reached, however, if all the muscles that are paralyzed be listed, and 
their nervous supply be exactly determined by a comparison with a 
diagram such as is shown in Plate XIII. In a case recently under my 
observation, a comparison of the musedes paralyzed, with this diagram, 
made it evident that the fifth and sixth nerve roots were implicated 
rather than the upper cord of the brachial plexus, the long posterior 
thoracic nerve .to the serratus magnus muscle being involved, which 
would have escaped had the cord alone been injured.. In another case, 
the seventh, eighth and first dorsal nerve roots were implicated rather 
than the lower cords of the brachial plexus. In both these cases tlie 
diagnosis was confirmed at the operation, which was undertaken to 
explore and repair the plexus in case that was found to be injured. 
In these cases the distribution of aneesthesia in the skin corresponded 
to the ansesthesia which would have been produced by a lesion of the 
segments of the cord, and not to the distribution that would have been 
prcduced by a lesion of either the individual nerves making up the 
plexus, or of tlie cords of the plexus. In cases where the roots of the 
nerves are tom, there appears to be no possibility of repair, as a union 
is not possible between the distal end, outside of the vertebra, and the 
central, inside of the vertebra. The cases, therefore, have a bad 
prognosis. 

Brachial neuritis of the ordinary form in the adult, due to exposure 
to cold, is an extremely common disease, almost as common as sciatica. 
It is an exceedingly painful affection, coming on sometimes with great 
suddenness, as in a case described by Klumpke ' where the autopsy 
showed an extensive hemorrhage in the sheath of the nerves. Hence 
it has been called “ apoplectic neuritis.” Its onset may be gradual 
through several days, under which circumstances an extreme conges- 
tion with interstitial neuritis and secondary implications of the nerve 
fibres are present. A pain in the location of the plexus and pain radi- 
ating outward are the most distressing symptoms, and are so intense 
and agonizing as to deprive the patient not only of all use of the limb, 
but also of sleep. S(Mn after the onset of the pain any motion be- 
comes so uncomfortable as to make rest of the limb imperative. The 
numbness and tingling which attend the pain are extremely disagree- 
able and are more intense after the disease is well established at the 

>Bev. de Mdd., 1886. 
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end of a week. The paralysis of the mus^ea- ^plied by the affected 
nerves develops within three or four days of we onset, and these 
mnacles become atrophied as the case goes on, and usually after ten 
days show a reaction of d^neration. In brachial neuritis trophic 
dirturbanoes of the skin, ^ossy skin, herpes, eruptions of vanous 
kinds, and interference witii the growth of we nails are veiy common 
occurrences. The skin is manifestly thin, becomes very shiny and 
smooth, appears as if tightly stretch^ over the fingers, hand, or arm, 
and is ei^ce^ingly tender and hypersentitive to touch, to heat, and to 
cold. Sensations caused by moving the fine hair on the i^in are 
peculiarly disagreeable. The limb is very frequently covered with 
perspiration, which may be of a fetid odor. Such a neuritis usually 
perinsts for several weeks or even months. The average duration in 
ten such cases under my observation was four months. The symptoms 
gradually subside, but the weakness often persists for some weeks after 
the pain has disappeared. In cases where the presence of a cervical 
rib is suspected an x-ray will demonstrate its existence. 

Pathology. — Pathological observations in cases oi^ neuritis of the 
brachial plexus are comparatively rare, as the patients usually recover. 
Klumpke’s case of hemorrhage within the sheath of the plexus has 
already been mentioned. Jacobson reports a case following carcinoma 
of the breast of nine months’ duration. A microscopic examination 
showed an almost total disappearance of the nerves of the brachial 

? lexus, though there was nb infiltration with carcinomatous masses. 

'he process of degeneration was present in many bundles, with a 
manifest disappearance of nerve fibres, and an atrophic condition was 
found in the peripheral nerves of the arm. The cells of the posterior 
spinal ganglia in the cervical r^inn showed d^nerative changes by 
the Nissl method of staining, and by the Marchi method there was 
discovered a manifest degenerative change in the posterior root zone 
of the spinal cord corresponding to the entrance of the nerve roots 
from which the brachM plexus was made up. D^neration ascendeid 
. in the column of Burdach, and also descended in the comma-shaped 
bundle of Schultze as far down as tiie fifth dorsal segment. This 
observation proves that in some cases when the sensory neurone, is 
involved in one of its branches the cell body and the other branch 
may alra degenerate; ^ . 

^o^Ofds. — The** prognosis is fairly good, as recovery eventually 
occurs in the majority of we cases. But ^e progress is slow and is at- 
tended by very great discomfort. It is to be remembered that nerves 
in regenerating grow but One centimetre a week, and hence the repair 
in the affected nerves requires a long time, especially if those nerves 
,are the long ones to the fingers. In the traumatic cases the prognosis 
is less favorable than in> injuries of single nerves. Thus in a case seen 
with McBurney, a etdoareous cicatrix ha^ invoived the three cords of 
tbe-plexus and destroyed .the nerves so completely that nothing could 
be done to induce repaif. 

'^Tx^tftment. — Ti^tment- consists of absolute rest, the arm being 



PLATE XIV 



The Distribution of Sensory Nerves in the Skin. (After Flower.) 

The areas of the skin supplied by the cutaneous nerves are shown in finely dotted 
outline. The circles on the trunk show areas occasionally anasthetic in hysteria. The 
lines across the limbs at ankle, knee and thigh, wrist, elbow and shoulder show the upper 
limits of anasthesia in multiple neuritis of varying degrees of severity. 
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carried in a sling and held to the side by bandages, constant applica- 
tion of heat, either by packbg the shoulder and arm with cotton, which 
is to be covered with oiled silk, hot bottle being applied outside of the 
bandage, or by the application of poultices. In my experience cold 
applications — ice packs, or spraying with ether, or chloride of etiiyl, 
which are recommended by the Germans — produce great discomfort 
and are voluntarily discarded by the patients in favor of hot applica- 
tions. The use of the actual cautery in producing counter-irritation 
over the painful nerve trunks is urged by all authorities, and I have 
certainly known it to alleviate the pain. It may be done daily if die 
touch i]^e is very light, so as not to break the skin, merely produc- 
ing a red line upon it. Electricity may be used, and in some patients 
appears to give considerable relief. A very mild galvanic current, 
from four to six milliamperes only, should be applied with the positive 
pole over the painful region, and the native pole over the back of 
the neck. The current should not be broken and should be allowed 
to pass for ten minutes dirough the painful region, the pole being 
shifted in order to bring all the painful parts within the influents of 
the current. In applying the electricity to the arm, Hemak recom- 
mends that a current be used diagonally through the painful nerve, 
the positive pole being over the most painful point and the negative 
upon the other side of the limb. During the early and painful stage 
of the disease any electrical application producing a contraction of the 
muscles is too painful to l)e endured, but later in the course of the 
case, when the pain is subsiding, it is well to exercise the muscles by 
electricity in order to keep up their tone until the nerve has regener- 
ated. The application of electricity has no effect upon the course of 
the case or upon the regeneration of the nerve trunk. 

Massage of tlie limb is advisable when the parts are not too tender 
to prevent its use, and as soon as the tenderness subsides sufficiently to 
allow of it, it should be begun and continued until recovery. Some 
relief is often obtained by douching the limb with hot water from a 
spray or by alternate douches of hot and cold water. Patients differ 
in their susceptibility to cold in this condition. Many patients are 
hypersensitive to cold in conditions of neuritis, and under these circum- 
stances cold water should be avoided. 

The pain in brachial neuritis is so intense as to require medical 
relief. The various analgesic preparations — acetanilid, antipyrine, 
phenacetin, alone or combined — should be tried before codeine or 
opium are resorted to. But in the majority of cases in this condition 
it is necessary to use hypodermic injections of mgrphine, and these 
may be used very freely in sufficient amount and witli sufficient fre- 
quency to secure relief from the intense agony which otherwise exhausts 
the patient. Care should be taken to keep up the general nutrition of 
the patient during the course of the disease. Good food, adjuvants to 
digestion and laxatives which counteract the action of the morphine 
should be used freely, and it is well to insist upon the use of fiitty 
foods in excess, as these appear to have a beneficial effect in increasing 
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the rate of regeneration in tlie nerves. Alcoholic drinks should be 
avoided or used in great moderation. Strychnine and arsenic are of 
benefit in the stage of recovery, but are not to be used while the pain 
is intense. The glycero-phosphates of lime and soda in 15-grain doses, 
three times a day, are of much use. 

Surgical treatment is demanded in traumatic cases which show no 
tendency to recover after three months. The plexus should be exposed, 
cicatricial tissue removefl, and a union of the separated nerves secured 
by a nerve flap, or by inserting the ends in a tube of decalcified bone. 

OBSTETRICAL PARALYSIS, OR BIRTH PALSY OF DUOHENNE. 

This form of paralysis is notice<l within a few hours or days of the 
birth of an infant. It is usuidly limited to the deltoid, biceps, brachi- 
alis anticus, supraspinatns and infraspinatus, and supinator longus 
mustdes, but owasionally involves the extensor muscles of the wrist 
and fingers. The arm hangs loose at the side of the body, its position 
as a whole being governtnl by gravitation, with the forearm extended 
and pronated, and the wrist and fingers flexed. (See Fig. 8.3.) If the 
arm be lifte«l and then let go, it falls into this position. The muscles 
which are paralyzed are relaxed and their opponents are not rigi<l, so that 
all joints are freely movable and motion docs not give the child pain. 
The only movements in the paralyzed arm are those of extension of 
the forearm and motions of the wrist and fingers. Sometimes when 
the extensors of the wrist are involved there is slight extension of the 
two distal phalanges only. If the paralyzed muscles are examined 
electrically the reacition of degeneration csin Ik! demonstrated, but this 
is often difficult in an infant on account of the undeveloped condition 
of the muscles and the thick layers of fat. A very strong current is 
necessary to produce the rejiction, and this is, of course, attended by 
pain ; hence electrical examinations art) difficult in infants. If suesh 
tests arc made the normal arm should be taken as a standard for com- 
parison. If the sensibility is tested by a needle it will usually be found 
to Iks considerably impaired over the area of the arm corresponding to 
the cutaneous branches of the circumflex nerve — a heart-shaped area 
whose point corresponds to the insertion of the deltoid muscle, and 
sometimes, also, along the outer side of the arm and forearm in the dis- 
tribution of tlie musculocutaneous nerve. After tins condition has 
remained for several weeks or months without much change, as it 
often does, the muscles which are paralyzed become considerably atro- 
phied and feel unduly soft and yielding. (Fig. 84.) The actual size 
of the limb, however, may not be vexy perceptibly reduced, for tlie fat 
in a tlioroughly healthy baby is much greater than tlie substance of 
muscular tissue, and, tliercfore, thei'e is not tlie rapid wasting of the arm 
and forearm which is noticed in adults suffering from paralysis of the 
brachial plexus. When the condition has lasted three or four months 
there sometimes appears a slight stiffness of tlie unparalyzed muscles, 
so that Iwndiug the forearm and wrist or opening the little closed hancl 
is nut ns easy as at the beginning. A permanent rigidity, however, 
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rarely if ever develops. Many of these cases go on to spontaneous 
recovery, which ensues within six months after birth. Others remain 
longer and do not recover within the first year. The condition may 
remain for three or four years and pass away only when the child is 
old enough to be taught systematic gymnastic exercises. I have seen 
one case where no recovery had ensued after seven yciirs, and then an 
operation by Dowd demonstmted the existence of a cicatricial mass at 
the junction of the ro<}ts of the fifth and sixtli cervical nerves in the 


Fio. 83. Fio. 84. 



Boy, a|^d seven, whose right anii hud liocn ])ar* Atmphy of loft tUioulder and arm due to birth 
aly;s(^ since birth. Tlio iiosition of the arm and imisy. (\V. K Buliard.) 
hand and the atrophy are typical. 


neck, which had prevented regeneration. (Fig. 85.) This was too 
extensive to warrant removal. I have se<!u one girl of fourteen who 
still had complete disability of movement at the shoulder-joint and in- 
ability to supinate the ann, due to the t)ccurreuce of birth palsy. 

Tlie course of the disease and the final condition depend upon the 
severity of the lesion. 

The lesion in all eases of birth palsy involves the brachial plexus. 

12 
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When the upper arm type of paralysis is preseut the roots of the fifth 
and sixth cervical nerves are involved. When the lower arm type is 
present the seventh and eighth cervical nerves are affected. Ducitenne 
showed that pressure baekwanl uiwn the side of the neck is liable to 
compress these two nerves against the lamina of the sixth cervical 
vertebra. Erb has shown that it is possible by a careful examination 
to find a spot two centimetres alxjve the clavicle, back of the outer 
edge of the sternomastoid muscle, corresponding to the point of 
emergence of the sixth cervical nerve between the scalcni, at which 
point irritation by the fanwlic current will 2>roduce a contraction in the 
deltoid, biceps, brachialis anticus, and su2>inator longus muscles ; and 
if the irritation be increased the extensors of the wrist will also con- 
tract. Pressure upon this particular region is often made during 
delivery either by the clavicle or by forceps or by the fingers of the 
obstetrician. This is more common when there is a breech presenta- 
tion and the after-coming head is extracted in the common method. 


Fio. 85. 



Thickened cord o{ brachial pirxiis at the JunctUm of the SIh and 6th cervical nerves found at operation 
on boy shown in Kit;, Si. (Natural size, from a sketch by Itowd.) 


The index and middle fingers of the left; hand being open like a fork 
over the shoulders of the child, traction is commonly made upon the 
shouhlers, and the pressure of the obstetrician’s finger in the neck often 
produces injury of the plexus. In some cases injury of the plexus 
is produced by attempts to l)ring down the hand or arm in breech 
presentations or to replace these when the head presents. In these 
cases it is probable that tiic roots of the nerves are torn or a portion of 
the upiier ccml of the plexus is torn.* Fonxips applications in an 
awkward position may also produce this injury. Children do not 
appear to lie very liable to injury of the nerves in spite of tlie many 
acicidents which befall them. I have not seen a tiase of traumatic 
neuritis in the jdexus of a child below the age of fourteen years, ex- 
cepting the form of brachial neuritis just described. 

Treatment. — The arm should be kept in a sling, with the elbow 
flexed, .and should not be allowed to hang down, since its weight often 
sufiifws to overstretch the ligaments of the shoulder which are no longer 
*W. N. Bullard. Amcr. Jour. Med. Sci., July, 1907. 
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assistwl by the action of the deltoid. The entire arm shpuld be rubbed 
daily, the mother being taught the kueadiug process of massage. It 
should be bathed freely night and morning with hot and cold water, 
so as to incresise the genend circulation and nutrition. Unintelligent 
people will be more likely to keep up the necessary rubbing if some 
simple lotion cr ointment l)e ordered. As soon as any voluntary 
motion can be made the child should be encouraged to make it, even 
if it be necessary to bind the unaffected limb to the side of the body. 
As the child grows older systematic exercises of a gymnastic kind 
should be insisted upon daily. Galvanic treatment in accordance with 
the regular methods describe on page 169, should be begun early and 
used until redovery has occurred. The mildest current which will 
produce contraction in the muscles should be U8e<l, that the treatment 
may not be too painful, and an intelligent nurse or mother can be 
mstructed to carry out this treatment at home. If there is no im- 
provement after two years an exploratory operation should be under' 
taken. The upper part of tlie brachial plexus should Iw exposed, the 
nerves should be freed from cicatricial tissue if possible ; and if not 
possible the cicatrix should be cut out and the ends of tlie divided 
nerves be sutured. The shoulder may be elevated and the head drawn 
over to the side and held in this position by a stiff plaster-of-Paris 
cast during the time of union iii order to prevent traction upon the 
united nerves. A number of successful instances of this operation 
Imve been recently reported.' 

PABALYSIS OF THE OIBOUMFLEZ NEBVE. 

Injuries of tlie shoulder and dislocations of the shoulder sometimes 
produce a paralysis of tlie circumflex nerve. The symptoms consist 
of pain and tenderness in the course of the nerve ; • paralysis and 
atrophy of the deltoid muscle, which prevents abduction of tlie arm, a 
relaxation of the ligaments of the shoulder-joint, as the deltoid muscle 
keiips the humerus in apposition to the socket ; and an area of ames- 
thesia, triangular in sliatic, with tlie apex of the triangle downward 
corresptmding to the insertion of the deltoid. Sec Plate XIV. 

A patient under ray care had been in the habit of standing in 
his office and resting his shoulder agiiiust the sharp edge of a mantel. 
About the first of May he began to suffer from pain in the back of the 
neck and about the shoulder, and after ten days his deltoid became sud- 
denly paralyzed. This paralysis remained, in spite of treatment by 
electricity and massage, until the first of Novemlier, though by the 
middle of July he lisui recovered power enough to raise the arm above 
the heail. The anaesthesia over the shoulder disappeared within the 
first month. 


* See British Medical Journal, February 3, 1903. 
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PARALYSIS OF THE SX7PBAS0APULAB NERVE. 

Paralysis of the suprasciipular nerve occasionally occure after' dis- 
location of tile humerus, or may be produced by falls upon the shoulder 
or on the hand, causing contusion of the shoulder. The symptoms 
arc chiefly referable to paralysis of the siipraspinatus and infra.spinatus 
muscles. I have seen this following the removal of deep cervical 
glands in the neck by accidental division of the nerve trunk. The 
shoulder is very much hamiiercd in its movement, as is also the arm. 
When the arm is abducted and raised the head of the huracras falls 
from la(;k of support by the supnispinatus muscle ; hence the arm can- 
not be held up. Movements of outward rotation are also impaired by 
the paralysis of the infraspinatus. The scapula is slightly rotated, its 
lower angle being moved upward and inward, and its upper angle pro- 
jecting on the side of the neck. The defective action is somewhat 
supplemented by the deltoid and the teres minor, which muscles occa- 
sionally become a little hypertrophied in the course of the case. Some- 
times a small region of anaesthesia is found over tlie scapula. 

NEURITIS OF THE SHOULDER-JOINT. PAINFUL SHOULDER. 

A condition of extreme pain and stiflhess at the shoulder-joint, due 
to a neuritis of the nerves within the joint, is not an uncommon afiec- 
tion. It occura^ as a rule, in women of middle age, but men are not 
exempt. It occurs in gouty and in anaemic and cachectic individuals, 
and is often seen in old age. It sometimes appears to follow an ex- 
posure to cold, and sometimes it can be traced to a slight injury. It 
begins rather suddenly with pain in the shoulder-joint, but without any 
swelling or exudation within the joint and without the appearances of 
rheumatism or arthritis. Very soon any movement becomes extremely 
painful, and as a result the muscles about the joint are thrown into a state 
of tonic spasm. The arm is adducted tightly to the chest, and while 
slight forward or backward motions are possible, any attempt at ab- 
duction is followed by an immediate contraction in the pectorals and 
latissimus dorsi. There are tender points in front and at the back of 
the joint, and pressure of the head of the humerus into its socket is 
very painful. The condition remains for many weeks, and as the 
result of the immobility the deltoid frequently becomes atrophied. 
Occasionally I have seqp an ansesthesia in the circumflex area of the 
skin and such a rapid atrophy of the deltoi«l as to surest a neuritis 
of the circumflex nerve, but this is not an invariable accompaniment 
of the affection. When there are no objective signs of neuritis in tlie 
shoulder, or of tenderness about the ncrv'cs in the neck, the affection 
may Iw thought to be hysterical, as neurotic individuals appear to be 
more subject to it than others. But the lack of remissions in the dis- 
(sase and the fact that the spasm of the muscles does not appear to 
relax under chloroform — a fact that I observed in a patient who had 
an operation for cancer of tlie breast while this affection was in prog- 
ress — loads me to believe that the spasm is a reflex one from the 
nerves within the joint and that the origin of the trouble is a neuritis 



PARALYSIS OP MUSCULOSPIBAL NERVE. 


181 


of these uerves. As any motion is extremely painful, patients guard 
the arm by carrying it in a sling and by bandaging it to the chest. 
They find hot applications and picking in cotton agreeable, and they 
usually obtain considerable relief from the application of a Paquclin 
cautery to the front and back of the shoulder. It seems to have less 
etfeiit when applied over the region of the deltoid muscle. The treats 
meat is rest, cautery, and the use of sedatives, including codeine, if 
necessary, for the jwiin. When the acute symptoms are over, massage 
of the musiiles may be attempted, but movement of the joint is to lie 
avoided, as it is liable to produce a return of the spasm in the muscles. 
In all cases that I have seen, recovery has eventually occurred, but 
from four to six months have elapsed before the full use of the arm 
has been restored. 

PABALYSIS OF THE POSTEBIOB THOBAOIO NEBVE. 

Injuries to the side of the neck sometimes bruise the long posterior 
thoracic nerve which passes to the sermtus magnus muscle. I have 
seen two cases of tliis kind occurring in porters who had carried a 
piano upon the shoulder ; and several cases from injuries to the side of 
the neck. I have seen a case resulting from the effort of swinging a 
hummer. Falls and blows up)u the neck or shoulder which cause 
extreme extension of the head may also produce this. Pressure on the 
shoulder in a woman phiced in the Trendelenberg position on the oper- 
ating table cjiustid it in one of my cases. And many cases have been 
noticed after exposure to cold. 

The 8 ym 2 )toms of the disease are severe pains about the shoulder 
and neck and total paralysis of the s<^rratus magnus muscle. It will 
be remembered that the function of this musede is to hold the p)8terior 
e<lge of the shoulder-blade against the chest and to rotate the shoulder- 
bl^c in the act of raising the arm. When it is pamlyzed the shoul- 
der-blade projects from the chest like a wing in a very characteristic 
manner (Figs. 86, 87, 88), and the arm cannot be lifted much above 
the horizontal level when the forearm is extended. Motions of the 
forearm forward and backward are also somewhat impaired. If the 
arms be abducted, forcible inspiration shows a defective expansion of 
the cheMt on the paralyze<l side. An electricsil examination usually 
demonstrates a reaction of degeneration in the serratus magnus mustde. 
The motor points of this muscle are on the side of the chest beneath 
the axilla. A slow recovery usually ensues, provided the nerve is not 
entangled in the scar at the point of injury. If nscovery fails to occur 
after several months, a surgical exploration is justifiable. 

PABALYSIS OF THE MUSCULOSPIBAL NEBVE. 

This nerve is injured more often than any other of the nerves of the 
arm inasmuch as it is exposed in its passage around the humerus just 
below the insertion of the deltoid. Pressure of the head lying upon the 
arm, which frequently occurs in the sleep of intoxication, is sufficient 
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to cause musculospiral palsy, or the compression of nerve in the axilla, 
if during sleep the arm hangs over a sharp edge of a bench or bed. 
The pressure of a crutch may also produce this form of paralysis. In 


Fici. 88. 


Fio. 87. 



Parolygia of the aemtua magnus muscle, 
eaUBing displacement of the scapula when 
the arm is held forward, (loon, de la 


Paralysis of the serratus magnus muscle, 
causing displacement of the scapula when 
the arm is held forward. 


Salpdtriire.) 


FlO. 88. 



Paralysis of the scrraiiis magnus from injury of the jaisterlor thoracic nerve. Position of the 
atmpula when the arm is abducted. Further elevation of the arm is impossible, as rotation of the 
scapula is impossible. 


Germany this is called “ police paralysis,” because of the method used 
in securing the arms of a prisoner by placing a bar across his back 
and beneath his two cIIkiws and tying the forearms firmly to the arms. 
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Gowers describes three cases which have followed violent contraction 
of the triceps — one in pulling on a pair of tight boots; one in throw- 
ing a stone, and one in grasping a support to prevent falling. I have 
seen cases which have developed from pressure during a long-continued 
ansesthcsia, the patient coming out of the aniesthetic to find his arm 
paralyzed. I have also seen tlie nerve injured in fractures of the 
humerus. In one patient the administration of a hypodermic injec- 
tion in this region was followed by paralysis. 

The symptoms produced by musculospiral palsy are drop-wrist, with 
pronatiou, due to paralysis of the long extensors of the wrist and long 

Fig. 89. 




I>rop-wrlst due to moaculosplral pnralyala, 

extensors of the fingers and thumb, and weakness in flexion of the 
elbow from paralysis of the supinators. If the nerve is injured in the 
axilla the triceps is also paralyzed. Sometimes in vcjry slight cases 
the supinator longus is not paralyzed. The position of the hand in 
drop-wrist is shown in Fig. 89. The action of the flexors of the liand 
is apparently weak in grasping objects, but if the wrist be extended by 
the examiner and held firmly in this position, the flexors are found to 
act in a normal manner. The awkward action of the forearm gives 
the patient considerable discomfort, especially the loss of power of 
supination. After the drop-wrist has continued for some days a 
prominence appears upon the back of the hand as a result of the over- 
flexion of the wrist, due to a partial dislocation of one of the bones of 
the hand. But tliis subsides when recovery has taken place. The 
muscles paralyzed show the reaction of degeneration, excepting in very 
light cases. In the early stage of the afiection some tingling and 
numbness may be felt over the back of the hand at the base of the 
index finger and thumb, and an impairment of sensibility may often 
be demonstrated in this region. Plate XIV.) This, however. 
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rapidly subsides. Musculospiral paralysis can hardly be mistaken for 
any other disease, though drop-wrist may develop in any form of mul- 
tiple neuriti.s, especially in lead palsy. It is then, however, bilateral, 
and the supinator longus usually escapes. 

The pro(/nmi« is good for recovery, but this usually requires from 
three to five months. 

The treatvumt is that for ordinary traumatic neuritis. 

PARALYSIS OF THE MEDIAN NERVE. 

This may occur from woimds or injuries of the forearm or of tlie 
brachial plexus, also from pressure of a crutch. The median nerve 
supplies the pronators, the flexor carpi radialis, the flexors of the 
fingers, and the muscles that abduct and flex and oppose the thumb 
and the two radial lumbricales, which flex the first phalanx ; hence 
this injury produces paralysis in these muscles, resulting in supination 
of the forearm and inability to flex the fingers firmly or to use the 
hand. The thumb cannot be abducted or opposeti to the tips of the 
fingers. The anecsthesia produced is shown in Figs. 90 and 91. Pain 
is sometimes felt in the hand. When the nerve is injured at the wrist 
the action of the long flexors is not interfered with, hence the paralysis 
is limited to the fingers alone. There is usually some atrophy of the 
thenar muscles. Trophic changes on the skin and nails often 0 <!cur. 

The prof/noais and treatment are in accordance with ordinary trau- 
matic neuritis. 


PARALYSIS OF THE ULNAR NERVE. 

The ulnar nerve is very frequently injured, as its course is an ex- 
posed one at the elbow and in the forearm. It may bo affected by 
pressure in the axilla by a crutch, but this is rare. Exposure to wet 
and cold often causes ulnar neuritis. liong-continuod pressure in a 
condition of ansDsthesia, or even in the heivvy sleep of intoxication, may 
cause paralysis of the muscles supplied by the ulnar nerve, and after 
dislocation and fractures of the arm or forearm it has been fre<iueiitly 
observed. Callus, after fractures about the elbow, occsisionally presses 
on and involves the nerve. The ulnar nerve supplies the flexor carpi 
ulnaris, the ulnar half of the deep flexors of the fingers, the muscles 
of the little finger, the interossei, the inner two lumbricales, and the 
adductors of the thumb. 

The result of paralysis of the ulnar flexor of the wrist is not very 
manifest, as other muscles are capable of doing the work of the 
flexor carpi ulnaris. A paralysis of the flexor profundus digitorum 
makes the patient incapable of flexing the first phalanges of the little 
and ring fingers, hence there is no opposition to their extreme exten- 
sion, and part of the deformity of the hand resulting from ulnar nerve 
palsy (Figs. 92 and 9.3j is due to this cause. 

Thp chief disability, nowever, produced by ulnar nerve lesions is the 
paralysis of all the intrinsic muscles of the hand excepting the first and 
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second lumbricalcs, which are supplied by the median nerve. As a 
result of this j)aralysi8 the use of the thumb and fingers is very much 
imiKiired, the thenar and hypothenar eminences become flat and flabby, 

Fio. 90. Fia. 01. 



Fig. 92. 


Fig. 93. 




the interossei of the hand are also atrophied, so that the Iwnes and 
long tendons of the fingers stand out beneath the skin ; and the little 
and ring fingers are flexed in their second and third phalanges because 
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of the inability to extend them, due to the complete paralysis of the 
interossei. This is the second cause of the deformity produced in the 
hand. The extension of the middle and end phalanges of the other 
two fingers is also considerably impaired. The adduction and abduc- 
tion of the fingers is completely abolished and the thumb cannot be 
brought forward because of overextension of its first phalanx by the 
extensor longus pollicis. 

The sensory disturbances produced by ulnar pal^ ate tingling and 
numbness and possibly pain in the inner half of the hand, in the little 
finger and one-half of the ring finger, and these pareesthesia are usually 
attended by aneesthesia, which may be total in the little finger, but is 
only partial in the Land and ring fingers. 

Ihe sensory disturbance is not always a total one, sensations of tem- 
perature and pain being very often retained when the sensation of 
touch is lost. Trophic disturbances are very liable to occur in the 
ansesthetic region of the skin. 

The prognoais and b-ecUment are those of general neuritis. 

NETTBITIS OF THE INTEBCOSTAL OB DOBSAL NEBVE8. 

This occasionally occurs after injuries in which ribs are broken or 
from pressure by small tumors. In one case such a tumor caused in- 
termittent pressure as it occasionally got caught between the ribs and 
then produced excruciating pain. It was successfully removed. The 
nerve affected will be indicated by the distribution of the pain or of 
the anesthesia, as shown on Plate Yll. There is no paralysis caused 
by intercostal neuritis. 

NEUBITIS OF THE LT7MBAB HEBVES. 

The anatomy of the lumbar and sacral plexus is shown in Plate 
XV. 

The lumbar plexus, supplies the flexors and abductors of the thigh, 
the extensors of the knee and the cremaster muscle. Its sensory dis- 
tribution is shown in Plate XIV. 

The lumbar plexus rarely suffers from neuritis, as it is well pro- 
tected from cold or fnjp external injury. But tumors within the 
spinal canal, tumors in the abdomen, cancer of the spine, and psoas 
abscesses occasionally set up a neuritis or cause pressure on the nerves 
of the plexus. I have seen several cases following operations for 
appendicitis where filaments of the nerves were divide. 

The symptoms may be limited to one or two muscles, such as those 
supplied by the obturator nerve, or the anterior crural nerve, or may 
be widespread. In the first case the legs cannot be crossed, as the 
abductors of the thigh are paralyzed and rotation of the 1^ is impaired. 
In the second case the extensors of the knee are weak and atrophied 
and the knee-jerk is 1(^. In both cases the inability is marked in 
walk^, and the patients move with difficulty. There is usually pain in 
the grbui and thigh, and sometimes this shoots downward into the genital 
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region. There may be tenderness along the course of the anterior crural 
nerve. The degree of antesthesia in the skin is slight, but tingling and 
numbness are felt in the sensory distribution of the plexus. 

PABALYSIS OF THE EXTEBNAL CUTANEOUS NEBVE. 

The external cutaneous nerve of the thigh supplies the skin over the 
outer portion of the thigh, from the line of the trochanter downward 
to the knee. Occasionally this nerve is diseased and tlien, as a rule, 
there is a sensation of pain in its distribution, which is attended by 
parsDsthesia and by diminution of sensibility in the skin. The aifcction 
runs the ordinary course of a neuritis, and should be treated as a 
peripheral neuritis. Attention was first called to it by Bernhardt, and 
hence it has been termed “ Bernhardt’s Paralysis.” 

NEUBITIS OF THE SACBAL PLEXUS. 

Neuritis of the sacral plexus is a rare affection and is usually due to 
injury of the sacral plexus during a difficult labor. Every obstetrician 
has observed a number of cases in which during a delayed or difficult 
labor, the woman has been seized with sudden severe psiius in one leg, 
usually in the back of the le.g, and often below the knee, aud has 
suffered from a flexor spasm of the leg for some hours during lalwr. 
A day or two after delivery paralysis of the muscles of the leg Iwdow 
the kuec develops, and also a condition of anecsthesia extending 
down the back of the thigh and around the outer side of the 1^ 
aud into the foot. In some cases the bruising of the nerve is a slight 
one and all the symptoms subside within three or four weeks. In 
other cascis the injury is more severe, and months elapse before the 
paralysis subsides and the patient is able to walk. It is to be remem- 
bered that conditions of paralysis may follow labor from antemic states 
of the spinal cord or from an infectious multiple neuritis. These con- 
ditions, however, piwluce paralysis in bfjth legs, while the disease 
under discussion is always miilateral. In sacral plexus jtaralysis the 
functions of tlie bladder and rectum are usually normal, and the symp- 
toms of neuritis, pain, tenderness, paralysis, reaction of degeneration, 
are limited to the distribution of the 8(;iatio nerve. Tumors in the 
pelvis and caries of the sacrum produce the same condition. 

NEUBITIS OP THE SCIATIC NEBVE. 

Sciatic®, or neuralgia of the sciatic nerve, is considered on p£^^ 734, 
but there are many eases of so-csallcd neuralgia which are actually due 
to neuritis, aud there are cases of neuritis of the sciatic nerve which 
develop without any preceding neuralgia. The disease may be pro- 
duced by any one of the many causes of neuritis and neuralgia, but 
seems to be more common as a sequel of the grippe than of any other 
infeetious disease, and it also occurs with great frequency in gouty and 
ancemic individuals. 

Symptoms. — The symptoms are pain in the entire domain of the 
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stiiatic nerve and tenderness along the course of the nerve, which 
is not to be confounded with the existence of tender spots at Valleix’s 
|)oint8 prescMit in 8eiati(;a. The nerve is found to be tender in its 
entire length and not infkxjuently loc^aliml swellings can be detected 
by palpation. The piin is usually constant jis contrasted with the 
paroxysmal attiicks of neundgia. The patient is never able to get into 
an easy jmsition so as to be free from pain. There is great restless- 
ness and uneasiness in the entire limb, and all movement is extremely 
distressing. "Walking can only be done with difficulty and pain and 
has to be avoided. Very often an actual paralysis develops in the 
muscles supplied by the sciatic nerve, namely, those below the knee, 
ami an atrophy with njaction of degeneration may develop. Not 
infre«iuently the jmn of the neuritis gives rise to reflex spiisms in the 
museJes, and such twitehings of the muscles of the leg are liable to be 
exceedingly distressing and painful. The leg is frequently hot and 
the secretion of jKTspiration may be increased. I have occasionally 
seen glossy skin ujmn the outside of the leg and upon the foot and 
irregular growth of tlic toe-nails. The dis«!a8e is very slow in its 
progress, and often remains for months before recovery follows. 

Treatment. — Tw*atmcut consists of hot applications to the leg, 
which must be kept at rest, the patient l)eing confined to the bed and 
the position of the limb changed frequently by the aid of numerous 
small pillows. It is a mistake, in my opinion, to apply a long splint 
to the limb, as has been mx>mmcnded by Hammond, inasmuch as the 
strained position produces very great disturbance and discomfort. 
The tenderness of the limb secures a sufficient amount of rest to the 
piirt without this enforced bandaging. Hot applications may be kept 
up by poultices or by the use of hot bottles, but great caution is to be 
use«l in applying the latter, to avoid blisters or serious burns, inas- 
mu(;h as the skin may be insensitive below the knee. Some patients 
experience relief from the use of electricity, the continuous galvanic 
ennxiut being employed, with the positive pole over the painful nerve, 
the negative pole being placed upon the back. The best method of 
treatment, however, is by means of the actual cautery, which often 
gives relitif frcjrn tlie pain for several hours, so that the patients arc 
glad to have the applicjition njpeated, even though it is |>ainful. The 
various forms of hydrotherapy, especially a hot douche in a bath, are 
of 8ei^*i(!e. As in the tnuitmeut of brachial neuritis, sedatives may be 
used fniely. Hypodermics of cofaine in the upper part of the nerve 
are often better than morphine. When the condition is not improved 
by such treatment, puncture of the nerve by a needle has been known 
to give relief, probably by allowing fluid to escape from the sheath. 
S«;veral n<!cdles may be passed into the nerve and allowed to remaih 
for an hour. This must be done with great care so as to be aseptic. 
In chronic cases stretching the nerve has been done with some good 
results, but too much should not be promised, as the operation is 
uncertain. The s(uatic may be stretched without an operation, the leg 
being extended and the thigh forcibly flexed on the trunk. This is 
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usually a very painful procedure, requiring an anaesthetic. It is occa- 
sionally of l^nefit in those cases where an interstitial neuritis has 
caused adhesions between the nerve and its sheath. 

PARALYSIS OF THE EXTERNAL POPLITEAL NERVE. 

The external popliteal branch of the sciatic nerve in its pjissage around 
the fibula is exjM)sed to injury eitlier directly from 2)ressurc, as by a 
tight garter, or from external wounds, or from dislocation or fiucture of 
the fibula. The result of such injury is a paralysis of the tibialis anticus, 
of the long perouei muscles in the leg and of the extensors of the toes, 
causing a dropping and adduction of the foot and toes and lame- 
ness in walking. The entire leg is raised so that the toes do not trip 
the walker. Atropby soon follows with reacstion of «legcneration. 
There nmy be a loss of sensation in the outer side of the leg and on 
the back of the foot. Progmda and treatment are the same as in 
other forms of traumatic neuritis. 

PARALYSIS OF THE INTERNAL POPLITEAL NERVE. 

Paralysis of the internal popliteal nerve is much more rare, as it is 
protected by its deep j)osition under the knee. Occasionally it is 
strained or wounded. Then paralysis of the muscdcs of tlie calf of the 
leg and of the sole of the foot causes much difficulty in walking. The 
{)aticnt cannot rise on the toes or flex the ankle or toes. There nuiy 
be pain, numbness, or anaesthesia in tlie outer part of the foot and in 
the sole. 

NEURITIS OF THE PLANTAR NERVES. 

The finer branches of the plantar nerves are not infrequently affcKsted 
by neuritis. Such neuritis may be traumatic from walking in ill-fitting 
shoes, or upon very rough ground for an unusual length of time. It 
may be duo also to taking cold, as when a {)erson stands fur sonic hours 
in the wet, or has the feet chilled and frozen. The mjmptoim are 
pain along the ouurse of the nerves, lictween the long bones of the foot, 
great tendome.ss to pressure, and inability to endure tlie pressure of 
the shoe and inability to walk on account of the jiain. Gowers jiointal 
out the fact that projiulsion of the body forward is done by jiressure 
on the toes, and that when they are paralyzed the act of walking is 
seriously impeded. Not infrequently irregular areas of an»sthesia 
may be found in the sole, and the patient suffers from jirickliug and 
burning pain, as well as from sharp neuralgic! pains. The sensory 
symptoms may be associated with motor symptoms of paralysis of tlu! 
intrinsic muscles of the foot, so that the toes cannot be moved freely 
and the foot may beciome quite thin in consecjuence of the atrephy. 
lleaetion of degeneration is not infrequently present. The affection 
must be treated by rest in lied, the patient not being allowed to walk 
about, by local applications of heat and by the general measures recom- 
mended for the ti’eatment of neuritis. 
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^MORTON’S TOE. 

In some persons the second digital branch of the internal plantar 
nerve in its passage between the enlarged ends of the first and second 
metittuml bones is compressed by anything which brings these two 
bones in close up|)Osition. In others, any one of the digital nerves 
is similarly liable to be compressed. It seems probable that a con- 
genitally abnormal position of the nerve is the predisposing cause of 
this afiectioii. The disease develops in adults, and is usually the 
eousequencie of wearing shoes that are too narrow. The patient will 
be seized with a sudden sharp pain between the great and second 
toes, or between other toes, which is so agonizing in character as to 
prevent his taking another step, ami which lasts until the shoe is re- 
moved and by a certain amount of manipulation the bones are separated 
and the pressure removed. But such attacks are liable to recur with 
great frequency, and to give rise to such distress and inability to walk 
as to I’equire ti’eatment. The disease is puiely mechanicitl in its origin, 
and, therefore, anything which removes the pressure or which prevents 
the recurrence of the pressure will cure. In some cases it is sufficient 
to prescrilw a very wide shoe. In others it is necessary to insert pads 
and strap them with adhesive plaster to the foot in such a imition as 
to keep the metatarsal bones separated. Flatfobt may l>e the cause, 
and if corrected the pain may be obviated. But in some cases all 
these mechanical contrivances fail to give relief, and then I’esort to 
surgical ti’catraent may be necessjiry. Morton was the firet to ojKjrate 
for this condition, and hence it has been named after him. The ojKna- 
tion may consist in a division of the nerve above the point of pmssure, 
by an exsection of a portion of the nerve, but inasmuch as regeneration 
is sure to occur, this operation is unsatisfactory. The operation de- 
vised by Morton was exsectiou of the end of the metatarsal bone caus- 
ing the pressure, and tliis has uniformly given relief. 

TX7M0RS OF THE NERVES. 

Neuroma. — Any form of tumor — fibi-oma, angioma^ sareoma, etc., 
— may develop within a nerve slieath or upon it and thus prwluce 
an apiKirent tumor of the nerve. In such cases the nerve fibres may 
pass thi'ough the tumor or may be dissected apart by it and pass 
around it. Such tumors have been termed folse neuromata, for they aro 
not nmdc up of nerve cells or fibres. But the fibres may lx:come pressed 
by the new-growtli and uudeigo degeneration. And the symptoms and 
course of the csi.se under such conditions will be exactly su(!h as have been 
already considered under compression of the nerves. Fig. 94 shows 
such false neuromata, which are very often multiple, as in tliis case. 

Neuroma, or a tumor consisting of nerve fibi’cs, first described by 
Virchow, is a rare form of tumor. The fibres of which it consists 
may be mc<lullatcd or non-medullated ; nerve cells are not found in 
such tumors ; connective tissue exists in gi’eater or less degree, so that 
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some tumore are ueuro-fibromata. There aj^are to be a tendencty for 
such tumors to be multiple, and in the largo majority of the recoirictl 
cases hundreds of minute tumore have develojxid. Occasionally the 
tumors have been large, but usually they are tlie size of a pea. When 
they appear on the sensory nerves of die skin they are easily felt anil 
are usually tender. Under these circumstances they have lieen called 
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“ tubercula dolorosa.” I have seen a patient with more than a hun- 
difd such tumors distributed over the entii’c body. Hoggan has 
sliown that some tumore of this description were adenomata of the 
sweat glands. That some congenital tendency to the multiplication of 
nerve fibres is at the basis of this affection is pixivcd by the fact that 
many of the cases reported have been in children. Thus in the so- 
called plexiform neuroma of the fifth nerve the disease is usually con- 
genital and other nerves have been affected later in life. The tumoi’s 
attain a cei’tain size and then, as a nile, cease to grow ; the condition 
remains peiinanent until death from some other cause. 

In the majority of cases no symptoms are caused by neuromata, as 
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the nerves on which the ttfmors «levelop are not affected by the groMrth. 
The tumors may be felt and may be tender to pressure, but are not 
subject to treatment and cannot safely be removed, as tlicy are so 
numerous and as the nerves may Im cut. Occjisionally pain, hyperses- 
thesia, and mimbiiess are csuistid by neuromata. 

Tliere is one form of neuroma which, however, requires sfxKsial men- 
tion. Tt is tlie neuroma which develops on the cut end of a <livided 
nerve, either after an amputation or after an injury without union. 
Such a neuroma may be extremely painful and tender and may cause 
pains referred to the {lerijiheral termination of the nerve, and also 
spasms in the muscles relateil to these terminations. In such casiis 
excision is imjierative, but recurrence is uot iufrequent. 

In one patient under my observation, who sufferefl from great jiain 
referred to the toes, for many years after an amputation of the leg 
above the knee, excision of die neuroma ou the sciatic failed to give 
relief. A portion of the sciatic nerve in the thigh was then excised, 
but this also failed to stop the pain. In this isise it scemcil probable 
that atrophic changes had occurrwl in the spinal cowl, such as are 
known to follow amputations, and that these had involved not only 
the anterior horns, but also the sensory columns. 
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MULTIPLE NEURITIS. 

Varieties. Etiology. Symptoms. Course. Duration. Diagnosis. Prognosis and 

Treatment. 

Mui.tiplk neuritis or polyneuritis is a general disseminated inflam- 
mation or degeneration of the nerves, symmetrical in its distribution 
upon both sides of the body and geuemlly afleetiug all the nerves of 
the limbs, particularly in their terminal branches. It is hence (silled 
peripheral neuritis. Tlie affection rarely, if ever, extends as Iiigh as 
the nerve plexuses. 

Varieties. — There are a number of forms of multiple neuritis which 
differ from one another somewhat in their pathology and in their symp- 
tomatology. The following etiologicial ckssilication of these various 
forms is of practical use. 

1. Toxic eases due to the action of a poison derived from without 
the hotly. These poisons are alcohol, carlwnie oxide gas, bisulphide 
of carbon, the coal-tar products, especially sulphonal and trioual ; and 
nitrobcnzol ; also arsenic, lead, mercury, topper, i)ho.sphorus and silver. 

2. Infectious tsiscs due to some agtmt actjuiretl or devriopetl within 
the body as an accompaniment or sctpiel of diphtheria, gripi)e, typhoid, 
typhus, nmlana, scarlet fever, measles, whtwping-cough, smallpox, ery- 
sipelas, and scptictemic conditions, intdutling gonorrhoea anti puerperal 
fever, epidemic forms of beriberi or kakke, and leprtms neuritis. 

3. Cases due to general diseased states of tlie hotly whose origin is 
undetermined, such as rheumatism, gout, diabetes, anaemia, mai’asmus, 
general midnutrition consequent upon tuberculosis, syphilis, and stmility, 
carcinoirm, and lotsd malnutrition producetl by arterial sclerosis. 

4. Cases due to exposure to cold and developing spontaneously 
without known cause. 

Etiology. — Multiple neuritis is more common in males than in 
fenudes in all varietits. All ages are liable to bt; affectetl. The diph- 
theritic type is of courac more commonly seen in children tlian in 
adults, and if these cases are included in a general list it would appear 
as if children were more subject to the disease than adults. In 154 
miscellaneous cases, not diphtheritic, 16 were l)etween the agtw of six- 
teen and twenty yeurs, 34 were between the ages of twenty and thirty 
years, 54 were betweem the ages of thirty and forty years, 35 were be- 
tween the ages of forty and fifty years, 19 were between the ages of 
fifty and sixty years, and 10 were over sixty years of age. Heredity 
appears to play little or no part in the causation of multiple neuritis, 
excepting in so far as the general tendencies to gout, rheumatism, dia- 
ls 193 
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bctes, ciircinoinji, arterial sclerosis, and tuberculosis may be said to be 
hereditary. 

It seems probable that in many cases a number of different causes 
combine to start the neuritis. Thus in a person who has used ah^diol 
for 8f)me years tlie disease may not develop until some acute illness, 
like an attack of the grippe, or of rheumatism, or an exposure to eold 
occurs, when a typical alcoholic neuritis may manifest itself. The par- 
ticular elements of causation will be more fully discussed in connec- 
tion with the various ty|)os of tlm affection. 

S]rmptoms. — A genenil statement of the symptoms occurring in 
any or all forms of multiple neuiitis will be made, and then the special 
combination of these symptoms, together with the common course; of 
the disease in the different classes of cases, will be presented. Some 
authors have attempted a symptomatic classification of the forms of 
neuritis, and distinguish between sensory, motor, and ataxic types of 
the disease.^ As many cases, however, pi’csent a combination of these 
symptoms such a division does not appear to me to Ik; scientifically 
justifiable, however convenient from the clini(%il standpoint. 

Tl»c sensory symptoms of multiple neuritis are the earliest to api)ear 
and the last to pass away. In the majority of the cases on recortl, 
from whatever cause, numbnciis, tingling, or formication ushci’s in the 
disciisc. These forms of parsesthesim begin in the feet and hands and 
extend to the knees and elbows. They may be associated with burn- 
ing, stretching, boring, or tearing sensations Avhich distress the patient 
especially during the onset, and such sensations usually increase as the 
affection reaches its height. Their subsideiKH;, as the case goes on, 
may be regiirded as a favorable symptom, but they are among the last 
evidences of the «lisease to dissippear. Pain is usujilly present as well 
as parsesthesiae. It is sharp in character and is usually intermittent. 
At times it may be lancinating and so severe as to necessitate the use 
of mor|)hine. It is fully as distressing as in cases of locomotor ataxia. 
Tenderness in the nerves and muscles is a constant symptom. It may 
l)c so extreme that the limbs cannot be moved or handled, and thus it 
may interfere with the applic»ition of electricity and massage. When 
the tenderness and pain are referred to the joints, as not infrequently 
occurs in the csirly stage of the disease and in the spontaneous and in- 
fectious cfises, the case may be mistaken for one of acute articular 
rheumatism ; and if the joints are swollen or the limbs cedematous the 
difficulty of diagnosis is greatly increased. 

In addition to these subjective feelings some demonstrable distur- 
bance of the various sensations is usually present. Hypenesthesia to 
touch and also to electricity is not infrequently observed during the first 
two we(;ks. It is usually followed by some ansesthesia, although .this 
rarely Ixxioraes complete. In some cases the loss of tactile sense is 
quite evi<lent from the onset, either limited to the cutaneous distribu- 
tion of some spfsiial nerve, in which case oddly-shaped areas of insen- 
sibility will be found, as in lepra, or, as is most often the case, about 

* Judson Bury. Clifford Allbutt’s System of Medicine, vol. vi. 
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uniformly distributed over the distal parts of the extremities and fad- 
ing off into normal conditions higher up upon the limb. When the 
ansestliesia is at its height the patient has difficulty in locating a touch 
upon the hands and feet, even though he feels it. The distribution of 
the anaesthesia when it is fully developed corresponds to the parts of 
tlie extremities covered by gloves and stockings, and hence has been 
named the glove-shaped and stocking-shaped artia of anaesthesia. 
(Fig. 95.) This distribution of anaesthesia, contrasting sharply, as it 

Fig. 95. 



The dlatrlbation of BDecathceia In mulllplo nvurltlB. The dotted arcBS are Bnicathctic, Theae do not 
correapond with the diatributlon of the varloua nervea. 

does, with that due to spinal-conl disease, tind lieing uniformly sym- 
metrical upon the two limbs, is quite diagnostic of multiple neuritis. 
The transmission of pain and temperature senstttions is sometimes de- 
layed, but these impressions are usually felt quite acutely. The sttuse 
of pressure has been testefl in only a few cases, and in those it was 
decidedly impaired. 

The muscular sense escapes any affection in some cases, but in others 
is the most profoundly disturbed of all the senses. When it is involved 
the incoordination and ataxia arc well-marked symptoms, and some 
cases have been mistaken for locomotor ataxia because of the pre- 
dominance of the disturbance of muscular sense. 
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The ataxia is very pronounced in diphtheritic cases, in cases due to 
arsenical jwisoniug, and in some cases due to alcoholic poisoning. The 
French and Germans distinguish a class of cases of neuritis which 
tliey term neurotahes periphet'ique or pseudo-tabes, because of the close 
resemblance to lo(X)motor ataxia. 

These sensory symptoms are usually limited to the forearms and 
hands and to the legs and feet. In no case have they involved the 
entiix! extremities or the trunk, and but one Ccise of facial tingling with 
aiiiestiiesia has been recorded. ‘ The skin reflexes arc usually pre- 
served and are occasionally exaggerated. 

The special senses are rarely involved in multiple neuritis. It is 
true that optic neuritis law occurred in a few cases, especially in raises 
due to alcoholic {loisoning, and in some crises hearing as well as sight 
has been aflecUMl. These cases prove that no nerve can be said to lie 
exempt from implication in this disraise, but the liability to affection 
setmis to lie slight in the case of the nerves of special sense. In alco- 
holic! cases toxic amblyopia has been found. 

The motor symptoms' are as marked and as important as the sensory. 
Paralysis, beginning as simple weakness, with a feeling of fatigue on 
any exertion, gradually increiises in sceverity until at the height of the 
disease it becomes complete. It usually comes on rapidly, so that 
within two weeks the patient is helpless ; but it may be hiss sudden 
and not chiprive him of the power of Aval king and of using his hands 
for two or three months. It may be arrestee! in the slighter cas<!s and 
not go beyond a condition of general feebleness in the extremities. In 
a fcAv cases a very acute onset is recorded, all the symptoms develop- 
ing Avithin three! or four hours. 

The distribution of the paralysis is not uniform at the outs(!t. It 
may begin in the muscles of the legs and then involve those of the 
forearms ; it may commence in all four extremities at once. It is 
always more severe in the muscles which move the joints of the feet 
and hands and the ankles and wrists. It rarely invades those Avhich 
move the kiuKis and elbows. The extensors of the Avrists and fingers 
and the {>cronei and anterior tibial muscles in the legs arc the muscles 
first affected, and it is usual for the paralysis to become more (!omplete 
and to last longer in these muscles than in the flexors of the wrist or 
in the posterior tibial muscles of the 1^. A marked tremor in the 
hands is not at all uncommon in the early stage of paralysis, cspc'cially 
in the alcoholic form, and usually the weiikness is attended by slight 
inc!o<*>rdination and unsteadiness of gsiit before the patient is finally 
incapacitated from Avalking. When the (lisesise is fully <levelopcd all 
tlie muscles IhjIow the knees and elbows are much weakened or totally 
paralyze<l. Occasionally those of the thighs and arms arc involved 
^so, and the muscles of the trunk and those of respiration may become 
aff'ected, and then the patient usually dies. 

In two cases which -eventually recovered I have seen a total 
pahilysis of the diaphragm lasting several days. In both these coses 

Lowenfeld. Neurol. CentralbL, 1885, Na 7. 
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the patient’s respiration ceased as soon as he fell sisleep, and the ex- 
haustion from the long wakefulness and the volunbiry efforts of breath- 
ing was very great. 

In some cases of multiple neuritis the cranial motor nerves l)ecome 
involved, those of the eye and of the face being most liable to inva- 
sion. It is only in fatiil cast« that the action of deglutition has been 
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Dropped wrists in multiple neuritis. 


affected, and when the pneumogiustrie is invaded and the luiart be- 
comes rapid and irregular the prognosis is always grave, though not 
absolutely laid. 

The panilyml muscles are relaxed, fliibby, iintl atrophied ; they 
may or may not lose their mechanical irritability, but their normal 
tone is ahvays hist, and henct; their tendon reflexes are abolished. 
The loss of kiKXi-jerk is an early symptom in the disease, though some- 
tstses have Ixtcn observed in which it has been preserved. These were 
cases in which the neuritis did not advance up the legs sufficiently high 
to affect the nerves above the knee. The knee-jerk always disappciirs. 
early in diphtheritic cases. 

To the electric current their excitability is very rapidly and mark- 
e<lly changed ; but the conditions which have been observwl are quite 
various. Sometimes there is a simple diminution of exriitability, and 
then a very stnmg faradic or galvanic current is ninded to produce 
contractions. Frequently all fiiradic excitability is lost, and then the 
muscles react to a galvanic current only. In this condition it may re- 
quire a very strong gsdvanic current to prcHlmje contmetion, and this 
fact is quite jKithognomonic of neuritis, for in anterior |)oliomyeliti8^ 
where the museles respond to- galvanism only, it does not renjuire a 
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strong current to cause a motion until some months after the invasion. 
The action of the different poles is not uniform. In many cases the 
contraction of the muscle when stimulated with the positive pole is 
greater than when stimulated with tlie negative pole, and the contrac- 
tions may be sluggish. Then the reaction of degeneration is present ; 
but in some cases the normal condition is found, and the negative pole 
produces stronger eontractions than the positive pole. If the muscles 
which are not paralyzed be tested the Siime electrical changes may 
often be «liscovered in them. A loss of faradic irritability and a 
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Dropped feet In multiple neuritis. 


marked decrease in the galvanic irritability of the muscle and nerve 
are, therefore, important symptoms of multiple neuritis, and, as the 
disease giMis on to recovery, a gradual increase in the galvanic irrita- 
bility occurs, a fact which is often of much aid in pnignosis if care- 
ful measurements of the strength of current used be made by the 
galvanometer. 

As a result and accompaniment of the paralysis abnormal positions 
arc assumed by the limbs. The dropped wrist and dropped foot are 
quite characteristic of multiple neuritis. (Figs. 9(> and 97.) They 
are in part due to the action of gravitation and in part to the uno|)- 
posed action of muscles which are not very weak. But other deformi- 
ties may be present. In a few cases there have been extreme contrac- 
tures of all the extremities in flexed position. When the legs are thus 
flexeil the posture is at first voluntarily assumed to relieve the pain, 
and later the flexor muscles become permanently contractured and 
shorteneil. The.se contractures may be exceedingly painful. In the 
severe cases a typical claw-hand and talipes equinus are seen. These 
deformities usually subside as the power returns, or, if they do not, 
they can l)c corrected by proper manipulation and by apparatus. In 
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a few cases it has been necessary to resort to tenotomy, but a perma- 
nent deformity has not been recorded. 

The vasomotor and trophic symptoms are less constant than those 
already described. In some cases marked oedema lias been an early 
and a permanent symptom. This may develop in the feet and hands, 
or may appear about the joints. It is usually temporary. The circu- 
lation is not impaired to any greater degree than is customary in a 
limb whose muscles are inactive, and coldness and cyanosis are rarely 
sufficient to attract attention. Sometimes profuse perspiration is a 
noticeable symptom, being limited to the paralyzed parts. This is 
often seen in alcoholic cases. It may be offensive, and by its evapora- 
tion always causes a complaint of coldness. In other cases glossy skin 
makes its appearance early and remains until the regeneration of the 
nerves is complete. Its disappearance in one of my own cases was 
the first sign of retiovery in the lower extremities. A change in the 
appearance and growth of the nails is very common, and a high ridge 
across the nail becomes evident as recovery begins, indicntiug the 
difference between the normal and abnormal nail formations. This is 
shown in Fig. 98. Bed-sores never appear. Other forms of trophic 
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Kidged appearance of the nails In traumatic neuritis. The hand Is also atrophied, and Iho thenar 
eminence ilaU The Itiumb cannot lie api^uscd to the fingers. The scar over the ulnar none is visible. 

disturbance are rarely met with in multiple neuritis, and this is (piite 
remarkable in view of the fact that it has besm the tendency of late to 
refer such trophic affections as ulcerations, bed-sores, gjuigreuo, j)cra- 
phigus, and various eruptions to lesions of the nervc's. It is time that 
inflammations of the joints resembling those appearing in acute rheu- 
mati.sm sometimes occur at the onset of neuritis ; but as they disiipjxsir 
quickly while other symptoms remain, it is improbable that they are 
to be traced to the changes in the nerves. They may be due to the 
infectious agent or to the Siime obscure csuise which sets up the 
neuritis, or they may be evidence of an attack of acute articular 
rheumatism, which is in turn followed by neuritis, but they cannot be 
described as trophic symptoms of the disestse, otherwise they would 
l)e more constant in fticir occurrence and more permanent in their 
duration. 

A negative symptom of great importance is the absence of any inter- 
ference with the automatic action of the bladder or rectum. Retention 
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or incontinence of urine docs not occur, aud impaction within or a re- 
laxation of the rectum is not observed in tlie course of the disease. 
Constipation may ensue upon the long-continued rest in bed that is 
necessitatctl by the pandysis ; but it is by no means as obstinate or as 
difficadt to relieve as it is in spinal-<;ord aifectious. 

Another negjitive symptom of some im|MU*tant!e is the absence of 
pain or of anaesthesia ujmn the trunk. In the various forms of spinal- 
cord disease which are likely to be confounded with neuritis, swjnes of 
anaesthesia upon the body are not at all uncommon. It is well known 
tliat in locomotor ataxia bands of antesthesia about the trunk an<l in 
the axillae are almost constant signs of the affection. It is well to rec- 
ognize tlxe absence of this symptom in those cases of multiple neuritis 
which simulate locomotor ataxia. 

There are certain mental symptoms which develop during the course 
of alcoholic multiple neuritis, but as they do not appear in the otlier 
tyjws they will be discussed in connection with the toxic cases. 

Oourse. — The course of the disetise ip multiple neuritis varies so 
exwHxlingly that no general statement can be made. In tlie next chap- 
ters in which the various forms of the affection are considered tlie 
course of the c.ase in each form will be dcscrilxid. General constitu- 
tional disturlianccs, however, are not infrequent in the course of mul- 
tiple neuritis, and may be mentioned here. The onset is often sudden 
and accompanied by a marked febrile movement with cldll and tempcRi- 
ture of or 104° F. The fever may persist for several days, but 
usually subsides siiontaneously and docs not recur. In a few cases 
there has been a constant elevation of temperature of alxiut one ilegree, 
persisting for several weeks. The general symptoms accompanying 
fever, viz., malaise, loss of apjietite,- nausea, disturbances of digestion, 
constipation, flatulence, ociaisional diarrhoea, febrile condition of the 
urine, general pains all over the btidy, headache, and discomfort 
usually pass off as this subsides. An enlargement of the spleen and 
a condition of leucoiiytosis has been discovereil by examination during 
the onset in some cases, esjjecially in those following an infectious 
disease and in eases that are not due to poisoning. These facts have 
led to the theory that neuritis may be, under some circumstances, a 
primary infectious diseijsc. 

Increased rapidity of the pulse is very common in all forms of 
neuritis, and may persist during the entire course of the disease, the 
pulse ranging from 80 to 100. In some ejisos it beeomivs exceedingly 
rapid, reaching 140 or 160, being feeble and small. In these cases 
the neuritis has extended to the pneumogastric nerve. If this condi- 
tion persists for several days oedema of the extremities and finally of 
the lungs may result, and heart failure may be the primary cause of 
death. 

The duration of a condition of multiple neuritis is so differept in dif- 
ferent types of cascjs tliat no general statement is warranteol. In the 
diphtheritic cases recovery is quite rapid, and I have seen patients who 
had beefl completely paralyz^ quite well within two months. In 
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ca^s of alcoholic neuritis of a mild type, where no actual paralysis 
developed, recovery was usually complete in six montlis. In the severer 
cases, where drop-foot and drop-wrist had developed, at least a year, 
anil in several cases two years elapsed Irefore their health and power 
were restored. Arsenic and lead cases are also slow in their progress, 
from eight to twelve months being the usual duration. The duration 
is in exact ratio with the degree of degeneration present at the maxi- 
miun of the symptoms. 

Diagnosis. — Vvhile the individual symptoms occurring in the course 
of multiple neuritis are not different in character fi-orn those found in 
spinal-cord diseases, the diagnosis can usually be rtiached with very 
little difficulty when their combination, the causation, and the course 
of tl»c case under examination are considered. There are three com- 
binations of symptoms in neuritis which resemble very elosely, ix'spec- 
tively, anterior poliomyelitis, locomotor ataxia, and diffuse myelitis, 
and to these attention must be directed. 

Atrophic paralysis, with reaction of degeneration and loss of reflexes, 
is common to anterior poliomyelitis and some cases of tnulti})le neu- 
ritis. Poliomyelitis attacks healthy children, and no cause, sis a rule, 
can be found. In neuritis it is often possible to asiiortsun some pre- 
vious condition of ill heidth or some infectious disease or constitutional 
state which has produceil the affection. In neuritis, a more gmdual 
onset, preceded and attended by numbness and pain, tenderness in the 
course of the nerves, tenderness in tlie muscles, and the persistence of 
sensory symjrtoms after the invasion will remove all doubt rcgiirding 
the diagnosis. When these symptoms are not elisarly marked the dis- 
tribution of the paralysis in symmetrically situated muscles, especially 
if these miisclas are supplied by single nerves, and the further exten- 
sion to muscles in other nerve domains, mther than the affection simul- 
tantxjusly of musedes which are groupixl physiologically (/. e., act to- 
gether to perform one function) will point to neuritis. In neuritis the 
jiaralysis advances more or less gradually, while in acute poliomyelitis 
there is, after the onset, a subsidence of the pandysis in some of the 
muscliis first involved. In neuritis the cranial nerves aixs not infix!- 
quently allectcd. This does not iKiCur in poliomyelitis. Ataxia, which 
is a common symptom in neuritis, never appears in infantile paralysis. 
Cramps in the muscles are liomplained of in neuritis, but not in 
ixdiomyelitis. In the latter fibrillary twitehings occur in the muscles 
which arc paralyzed, but never in the former. Glossy skin never ap- 
pears in poliomyelitis. Lastly, as the case goes on, a gradual com- 
plete recovery will be far more freijuent if it was originally a casi! of 
multiple neuritis. Gowers has described a numlier of cases in which, 
he believes, the two diseases have occurreil together, probably Inang 
produced by the same cause. Under these circumstances a mingling 
of the symptoms is to be exjMjcted, and no sharp differentiation can 
be made. 

Ataxia, loss of knetvjerk, pain, and sensory disturbances, including 
a loss of muscular sense, Rombei^s symptom, that is, swaying when 
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standing with closed eyes, and optic neuritis, are common to locomotor 
ataxia and to multiple neuritis. This form of neuritis has been called 
acute polyneuritic ataxia or neurotabcs pcriphcrica by Dejerine,* who 
was the first to |X)int out clearly its resemblance to locomotor ahixia. 
In neuritis the relatively rapid onset of the ataxia, which follows 
closely upon the sensory symptoms ; the prominence of numbness and 
anaesthesia, rather than of lightning pains j the extreme degree of the 
ansesthesia and analgesia, the tenderness of muscles and nerves, the 
usual occurrence of some degree of actual paresis, with atrophy and 
reaction of degeneration, and the absence of bladder and sexual symp- 
toms, will jwint inevitably to the correct diagnosis. Furthermore, the 
ataxic form of neuritis only occurs after poisoning with alcohol or 
arsenic, or as a sequel of diphtheria, and the establishment of the 
causation will aid the diagnosis. Here again, the course of the case 
toward recovery and the return of the knee-jerk will decide in favor 
of neuritis if the diagnosis has not been reached in an early stage. 

There are very few symptoms of diffuse myelitis which are not 
found in cases of neuritis, but cases of diffuse myelitis of the type <le- 
scribed by Duchenne ( paredysie g6n^rale sptnale mibuigvbe ascendante) 
are very rare, and, indeed, it has been affirmed by Leyden that tlie 
cases described by Duehenne under this name were really cases of 
multiple neuritis. A differential diagnosis between general myelitis 
and neuritis is maidc by a consideration of the following points : In 
neuritis affections of the functions of micturition and defecation do not 
occur. Girdle sensation is very rarely mentionwl as a symptom. 
Bed-sores and eystitis have not been obstirved. In neuritis the advance 
of the paralysis is not like that in myelitis, namely, a gradual advance 
from legs to thighs, and thighs to trank, and trunk to arms and neck ; 
but, as already stated, the paralysis begins in tlic legs and forearms 
simultaneously, and does not usually extend to the thighs and arms 
and very seldom invades the trunk. If the muscles of the abdomen 
and the muscles of respiration are involve*! in neuritis it is only in the 
rapidly fatal toxic cases, and even in these cases motions of the shoul- 
ders and hips are preserved until the end. In the type of myelitis 
described by Duehenne there are few sensory symptoms, wheresis these 
are prominent in neuritis. If in myelitis there are sensory distur- 
bances and aiuBSthesia the areas are not glovc-shape<l and sto<!king- 
shaped and there is a well-marked line of demanaition around the 
trunk. This is jKirticularly evident in transverse myelitis. In neu- 
ritis, however, the ansesthesia is chiefly observed in the hands and feet, 
in the forearms and legs, but rarely reaches as high as the arms or 
thighs. In neuritis there is usually tenderness in the nerves and in 
the muscles of the extremities which is not present in myelitis. In 
myelitis th(!re is usually tenderness to pressure and sensitiveness to 
heat along the spine, a symptom not present in neuritis. In the older 
text-lmoks multiple neuritis is not mentioned, and cases of it were de- 
scribed as cases of spinal^ord disease ; but since the knowledge of 

•Arch. .phys. norm, et path., 1884, p. 231. 
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neuritis has become general the diagnosis of myelitis is more and more 
rarely made, and now that disease is regarded as an unusual one. 

Prognosis. — The prognosis in multiple neuritis is goofl, provided 
the exciting cause can be removed. The only patients who form an 
exception to the rule are those whose constitutions are much im 2 Hured 
by excesses or by other diseases ; those who have so far indulged in 
alcohol or are so completely soaked with arstmic or lead as to be unable 
to throw off the poison, and those in whom the disease begins with 
great suddenness, advances rapidly, and involves the pimmic and pneu- 
mogastric nerves. These cases die either of respiratory paralysis or 
of some complication. When a case has reached the stationary jieriod 
the prognosis is generally favorable, and if the encouraging signs of 
recovery already mentioned begin to appear a cure may l)e promised. 
The possibility of the complication of myelitis must not, however, be 
overlooked, and if it occurs the prognosis becomes at once unfavorable. 
Even in serious cases of alcoholism, with gastro-iutestinal and cerebral 
symptoms, if tlie acute stage be safely passed and all alcohol l)e re- 
moved from the patient’s diet, rcisovery from very extensive paralysis 
will occur. The cases of diphtlieritic paralysis and ataxia usually re- 
cover without trciitmcnt. 

Treatment. — The treatment of multijde neuritis requires patience. 
As we have already seen, the majority of the patients rwiovcr, and it 
is j)robable that, if the cause of the aflection were removeel and the 
patients phused in favorable circumstances, expectant treatment would 
alone be sufficient. It is, however, not sulvisable to let therapeutics 
play a psissive i)art. The tiourse of the disease can be altered and its 
duration much shortene<l by active interference. In the stage of in- 
vasion the free use of salol, sjdophen, salican, salicylic aci«l, or the 
sidicylate of soda seems to have imj)ortant results. These remedies 
cannot be said to act as j)romptly as in cases of acute articular rheu- 
matism, but the consensus of opinion is that their effetst in multiple 
neuritis is very marked. They should be given, as in acute rheumatic 
fever, in large doses until noticeable effects are obtained. They should 
be combined with the bromide of potassium or sodium, partly beciiuse 
these drugs counteract unfavorable symptoms produced by the salicin 
com[)ounds and partly because in the hyjx'nesthetic irritable condition 
attendant upon the invasion of the disease tlnsy are indicsitcsd. This 
condition may require strongesr sedatives and not infrequently morphine 
must be employed to give relief from the excruciating pains. The 
piiins are often relievecl by hot or cold apjdications to the limbs ; but 
as the muscles are often exceedingly tender, onlinary applications can- 
not lie made. It is then advisiible to use evap<irating lotions, jirefer- 
ably those containing chloroform, which may be soaked into light 
cambric or gauze and gently placecl upon the limbs, which lie upon the 
softest pillows or which may be more comfortable if the patient is put 
upon a water-bed. Applications of a 5 per cent, solution of carbolic 
acid and of extract of witch-hazel have also been of use. If «m) 1 
ap 2 >lications prove intolerable heat may be employed. The limbs may 
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be enveloped with cotton and covered with oiletl silk, a light bandage 
keeping these in place, or they may lie frequently bathed in hot water 
and hot bottles placed agiiinst them, some soft substance intervening. 
One of my patients found great relief from the parsesthesia by cold 
douches, while another preferred the use of hot water. It is best to 
let the piiticut decide, ns long as the application has to l)c ma^lc for the 
relief of pain. Gentle friction witli oil of co<ioanut or cocoa-butter 
often affords comfort. In the chronic stage, as we shall sec presently, 
heat is to be preferred to cold. Cases which are distinctly syphilitic, 
if such occur, should be treated from the outset with inunctions of 
mercury and large doses of iodide of potash. I believe that both these 
drugs should Ik; employed together, even in the tertiary stage of 
syphilis, and it is my experience that all syphilitic nervous lesions, 
whether central or peripheral, yield more promptly to their combined 
use than to the employment of either alone. Malarial aises must be 
treated with quinine or Warburg’s tincture. In non-malarial ciises 
quinine has proved of no avail. 

In cases which arc due to poisoning of any kind the first indica- 
tion is to eliminate the toxic ijgent from the system and the second to 
prevent any further ingestion of the poison. Iodide of potash in small 
doses, largely diluted, aids in the elimination. The stHiond indiciition 
is easily fulfilled when arsenic or leiid are the toxic agents, but when 
the (sise is due to chronic alcoholism special preciautions are nee«le<l. 
Alcoholic cases re<^uire fnjra the outset special treiitment. The condi- 
tion at the time of the onset of the paralysis may be one verging upon 
(hdirium tremens. If all alcohol is suddenly removed, without <lue 
care to supply some other heart stimulant and to secure the perfect 
nutrition of the [latient, serious collapse may eusuc. The first neces- 
sity is therefore to take care of the general condition of the patient. 
If this will admit of the immediate withdrawal of all alcoholic stimu- 
lation it should be done ; if not, the alcoholic beverage must be imme- 
diately reduced in quantity, and as soon as possible wholly (sut off. 
The use of milk diet, or kumyss, or peptonized milk, or, if nccessiiry, 
rectal aliincnbition, Avill be followed i)y a gradual recovery of the 
power of assimilation, and as soon as the patient ceases to lose weight 
all alcohol may in any csise be safely stopped ; its elimination by the 
intestines and kidneys may l)e hastened by appro])riate means, and 
c!erebral symptoms, if they arise, may be treated as in other cjises of 
alcoholic iutoxiciition. But it is in the chronic sbige, when the patient 
is gradually recovering, that the vigilance of the physician is called 
into play to prevent a renewal of the poisoning. It is amazing that 
patients who know perfectly the injurious effect of alcohol upon them 
should insist upon getting it ; but it is done. And when these patients 
are surrounded, as is often the case, by syrapatliizing friends or servile 
domestics or unscrupulous nurses who do not appreciate the impor- 
tance of total abstinence for the patient, they often succeed in baffling 
all attempts to deprive them of the favorite drink. It is only when 
the^ are tratched constantly by persons who can bo implicitly trusted 
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and who have sufficient authority to cut off all surreptitious supplies, 
that tlie physician can feci sure that his conunauds are obeyed j and 
tliis precaiution is by no means needless, even when it is probable that 
family servants are trustwortliy, for the continued pleading and remon- 
strance of the patients may corrupt the best of attendants, especially if 
accompanied by threats of discliarge at a future day. It is, tlierefore, 
necessary to place these patients under the surveillance of trained 
nurses from die start or to remove them to an institution where they 
will be under control. 

In the chronic stage the drugs which are of great<*8t service are 
stryiihuine and arsenic. Strychnine may be given in doses of to 
gr. three times daily, and it is well to (jombiue it with phosphoric 
aiiid and the syrup of the hypophosphites, or with tlie glycerophos- 
phates of lime and soda. Ai'senious acid may be uscmI in tablets or 
pills containing to gr. three times daily, or in Fowler’s solution, 
three to five drops, three times daily. The use of iron with these two 
drugs will 1)0 indicated in the majority of cases where there is atten- 
<lant amcmia. In alcoholic cases both arsenic and strychnine may in- 
crease the mental irritability, but should be continued unless this be- 
comes hx) great. I have seen benefit from both of tliesc drugs, aud 
think it well to employ tlicm alternately, using each for alK)ut two 
W(!cks at a time. Tlie glycero-phosphate of soda dissolved in water is 
of much service in the chronic stage. The dose Is 15 grains three 
times daily. 

The remedies used in the chronic stage have two objects : one is to 
increase the rate of repair in the nervtis, the other is to keep the nutri- 
tion of the muscles as good as possible. While the drugs mentioiu'd 
proKably meet the first indication, there are other remedies which meet 
both. Tliiise are massage, warm liaths, and electricity. The proptir 
manipulation of the limb inertiascs the circulation in it. The increase 
of circulation brings fresh supplies of material to the nerve which is 
undergoing repair; it also aids the nutrition of the muscle, which 
Avouhl otherwise be decidedly affected by the sluggish flow of venous 
blood, due to the lack of functional activity. As soon, therefore, as 
the a<!tive progress of the disease is checked and the muscular tender- 
ness has sufficiently subsided to allow the limbs to be rubbctl, this 
remedy should be employed daily. 

Allusion has already been made to baths and douclu's in the early 
stage, for the purpose of quieting sensory symptoms. In the chronic 
stage the object is a different one. Like massage, warm baths, packs, 
and douches stimulate the circulation and aid the nutrition and repara- 
tive pro(!C8ses in progress. Hence they are to be used daily ; aud if 
the warm bath or pack be given at night it will secure not only a local 
acstion, but produce a general se<lativc effecit, insuring quiet rest. In 
multiple neuritis, as well as in many other nervous affections not due 
to aneemia, a warm bath or pack at night or a warm douche to the neck 
and spine, is far preferable to and more effiaieious than the majority 
of hypnotic drugs iu causing a good night’s sleep. 
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The hist a^nt to be mcntioued is electricity. It is, however, of 
some importance, but it is necessary to know the object sought in its 
appliinitiun. There is firat tlic object of increasing the progress of 
nerve regeneration. This is said to be attained by the application of a 
constant galvanic current to the degenerated nerve, passing the cur- 
rent through the nerve in cither direction, or in both alternately. A 
mild current should be employed, its strength licing measurecl by a 
galvanometer. The strength of the current will dejicnd («) on the 
size of the sponges placed upon the skin, (6) on the pressure upon the 
sjKtnges, (c) on the resistance of the skin, (d) on the number of cells 
of the liattery used. 

If the sponges are two inches in diameter, six milliamp5res are 
enough, if they are three by five inches in measurement, twenty mil- 
liamp^res should not lx; exceeded. If no galvanometer is usihI the 
strength of the cuiTent employed is uncertain ; but it is to be remem- 
bered that the current grows stronger the longer it passes, since the skin 
resistance is gnulually overcome ; and, therefore, if the strength is 
measured in cells, the number of cells used should bo decreased gnidu- 
ally during the application. As so few practitioners use a galvanome- 
ter, it may be well to state that with large sjxmges — i. e., three by 
five inches — wet with warm water, a freshly filled bichromate of pot- 
ash battery will give nearly one milliampiire of strengtli for every cell 
used during the first three minutes, provided the sponges be jmt on 
any part of the body except the soles of the feet or the palms of the 
liands, and pressetl firmly ujion the skin. After the first three min- 
utes the body resistiiuce decreases, so that when twenty cells are used 
to start with, one should be cut off* jsvery half-minute until the num- 
ber is reduced one-thinl. The duration of the application should lie 
about ten minutes to each limb. During this time the distal sponge 
should be passed over various parts, so as to include all the nerve 
branches in the current ; the central sponge should be put over the 
nerve trunk high up on the limb. The current should be begun and 
stopped gradually, and never suddenly broken. Applications may be 
made daily. 

The second object to be obtained is to reestablish tlie amduction of . 
impulstis in the regenerateil nerve. This is secured by the method just 
desciribed. It may be attaineil by the use of faradism, the interrupted 
secondary current lieing sent along the nerves by placing one p<de over 
the nerve trunk and paasing tlie other over the skin of the limb. The 
strength used should lie just sufficient to be felt distinctly through the 
palms of the operator’s hands. The third object sought is to maintain 
the nutrition and function of the muscles by exercising them, and thus 
to preserve their normal irritability. This cannot be done by a far- 
adic current as long as they do not contract to it. The galvanic 
current must, therefore, be employed. But now it is not a steady cur- 
rent which is needed, for this does not raiuse any motion. It is only 
when the, steady current is suddenly broken and renewed that the con- 
traction occurs. Hence, place one pole over the trunk of the nerve 
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and the other upon the musicle, and with an interrupting electrode 
make and break the current at the pole which is on the muscle. The 
pole which produties a contraction with the least current possible is 
the one to be applied to the muscle. This is in the reaction of degen- 
eration, the |)ositive ; in normal conditions, the negative pole. Each 
muscle should be exercisetl for three or four minutes every other day. 
When electritiid treatment is thus employed very marked improvement 
is observed, which can be meiisured accurately if a galvanometer is 
use«l, since every week will show a change of the strength of current 
needed to produce musciular contractions towanl the uornud. 

The treatment must be kept up, in the chronic stage, until rec-overy 
is complete. 

If contractures have occurred in the paralyzed limbs, persistent 
massage may overcome them. If it does not, they are to be treated on 
general surgical principles. When tlic posterior tibial muscles are 
<!ontracturcd, the patients cannot stand because the li(?cls cannot be 
place<l on tlic floor. In this condition shoes with very high rubber 
hetJs, and either corset-like ankles or braces to. support the ankle, may 
be fitted, and thus the patient may be enabled to walk with a little 
help long iMjfore he ciin stiind in his bare fc*et. Sometimes division of 
the Achilles tciudon is necessary to restore the power of walking. 
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THE TOXIC FOJIM8 OF MULTIPLE NEURITIS. 

Alcoholic NcnritiH. Multiple Neuritis from Poisoning by Illuminating Gas. Multiple 
Neuritis from Poisoning by Sulphide of Copper. Multiple Neuritis from Poisoning 
by the Coal-bir Products. Arsenical Neuritis. Mnltii>le Neuritis Due to Poisoning 
by Lead. Multiple Neuritis Duo to Poisoning by Phosphorus, Mercury, Silver, 
and Copper. 

ALCOHOLIC NEURITIS. 

Historical. — Alcoholic neuritis is the most common of all the toxic 
forms of multiple neuritis. The credit of the discovery of alcoholic 
jmralysis must be awardctl to James Jackson, of Boston, who, in 1822, 
gave a most accurate description of the disetise and ascribed it to the 
use of ardent spirits.* Magnus lluss, in 18.52, publishetl an extensive 
work on chronic alcoholism, in which he gave a very complete actiount 
of the nervous symptoms produced by the abuse of liquor, dividing the 
cases into paralytic, antesthctic;, convulsive, epileptic, and hypenesthetic 
forms. But he ascribed all the symptoms to lesions of the central 
nervous system. In 1856 Duchenne dc Boulogne, in his e{K)ch-mak- 
ing book, Eledrisation Localisie, recorded many cases which we now 
reci)gnize as cases of neuritis; but he, too, supposed them to be of 
spinal origin. Ljincereaux added further to the knowledge of alco- 
holic paralysis in an articsle on alcoholism in the Didionruiire Enoy- 
elojHedique des Hdencea 3Ihlic(iles in 1864, and in the siune year 
Dumesuil * published the first raise in which a lesion was found in the 
peripheral nerves. But ten years then elapsed before his observations 
were eonfirmed by Eichhorst,® and it required further evidence fur- 
nished by Jofiroy,'* by I^eyden,® and by others to establish the relation 
between alcoholic paralysis and neuritis. It is to Lanccreaux,® of 
Paris, to Moeli,^ of Berlin, to Dreschfeld,* of Manchester, England, to 
Henry Hun,® of Albany, N. Y., and to Benihanlt,*® of Berlin, that we 
owe our knowledge of tlie pathology and symptomatology of alcoholic 
multiple neuritis, though other and subsequent writers have added 

‘New England Journal of Medicine and Surgery, 1822, voL xi., p. 351, “On a 
Peculiar DiHc^ Resulting from the Use of Ardent Spirits.” 

‘Gaz. Ileb. de I^ris, 18^, p. M3, and 1860, No. 4. 

“Virchow’s Archiv, 1876, Bd. 69, p. 205. 

‘Arch, dephys. norm, etpath., 1879, p. 172. 

“CharitO Annalcn, 1880, &it8chr. f. klin. Med., 1880. 

•1>3 la Paralysie Alcoolique, Gaz. Heb. de Paris, .1881, p. 120. 

‘ Brain, Nos. 26 and 32. 

* Moeli. Charity Annalen, 1884. 

“American Journal of the Medical Sciences, April, 1885. 

‘•Zdtschr. f. klin. Med., 1886. 
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valuable fac-ts and have mmle the picture of the couditiou complete. 
James lloss,* Brissaud,* Pal,* and Gowers^ may be mentioned as hav- 
ing made interesting mlditions to tlie general knowletlge of the affec- 
tion, and as having clearly presented its differential diagnosis from 
other diseases. The most complete monograph on the subject is by 
Beinak and FLatau in Nothnagel’s Hydem of Medioine, 1900. 

Pathology. — All forms of neuritis have teen found in al(!oholic 
cases. In the majority of cases a parenchymatous neuritis Avith simple 
degeneration and atrophy is the only lesion in the nerves. (Plate 
XII.) In other cases a diffuse inflammation is present, with an in- 
crease of connective tissue in the endorieurinm and perineurium, and a 
marked congestion of the bloodvessels, as well as a degeneration of the 
nerve fibres. All the characteristic changes already describiHl as oc- 
curring in local neuritis are pre.sent in ahioholic cases. Bnt it is not 
iwssible to distinguish clinuially between cases in which the lesion is a 
.simple degeneration, and cases in which there is a diffuse; inflammation. 
The lesion is more marked in the finer branches of the nerves, in the 
skin and mnsesles, and lK;e/)mes less intense the higher up the nerve is 
examined. In the plexuses no change may te found, when at the 
same time few normal fibres can te di.scovercd below the wrists and 
ankles. Certain nerves seem pirticularly susceptible to the influence 
of alcohol. The degeneration begins in the peronei, the tibials, then 
in the radial, median, and ulnar nerves, and is more intense in these 
than elsewhere. (See Plate XVI.) The sciatic and crural and the 
mu.sculocutiineous and circumflex are but slightly affected. Lesions 
have been found in the phrenic, in the pneumogiistri*;, and in the optic 
nerves. Normal fibres are found here and there in the nerves whidi 
are severely affected. A thickening of the bloodvcs.sels in the nerves 
has been distiovered in some eases, with a small-<;ell infiltration of the 
walls, and occasional rupture, with capillary hemorrhages. 

Rewnt olKscrvation estiiblishes the fact that Avhilc the principal 
change's in alcoholic paralysis arc found in the peripheral brandies of 
the nerves in all cases, yet in some cases changes in the cells of the 
central nervous system are pres(;nt. These have been diseoveretl in 
the colls of the anterior horns of the spinal cord and in the posterior 
spinal ganglia.® It is evident, therefore, that while the jioison cinailat- 
ing in the blfnid produces a destructive process in the ddieatc fila- 
ments of nerve fibres in the perijihery, y«‘t the central nervous system 
is by no means free from its action. The cells of the spinal cord are 
less affected by the poisoning than the more highly organizcsl and de- 
veloped cells of the brain. The ehangiis in the cord cells consist of a 
change in the Ni.ssl granuh;s, which become finely granular, and lo.se, 
finally, their power of absorbing aniliu dye. This change is more 

marked about the nucleus and in the centre of the cell body which has 

« 

•James Ross and Jiulson Bury. “On Peripheral Neuritis,” 1889. 

• Brissaud. 1.68 PamlysUw Toxiques, Paris, 1890. 

®Pal. “ Ueber Neuritis,” Berlin, 1892. 

* Gowers. Text-book of Nervous Diseases, 1892, 2d cd. 

®T«.rkin and JelliiTc. N. Y. Med. Record, July 8, 1899. 
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a pale appearance. (See Plate II, o.) There is often a deposit of pig- 
ment in the cells. As these changes, however, have been found in all 
the cells of tlie coni, even in those connected with muscsles which were 
not paralyztid, and as they resemble closely the changes known to occur 
after division of a nerve, tliey are not to be reganled as the cause of 
alcoholic panilysis. Heilbronner * has found an ascending degeneration 
in the posterior columns of the spinal cord in an advanc<S case of 
alcoholic neuritis, and is inclined to trace it to extensive degeneration 
in the posterior spinal neurones, but this is certainly an exceptional 
case. 

Berkeley, Andriesen and Van Gieson have demonstrated a uniform 
pathological condition produced in tlie large cortical cells of the brain 
in chronic alcoholism, and these changes have been frequently found 
in cases of alcoholic neuritis. The dendrites of these cells lose the 
fine granules which cover them, and become smooth and bsire. (St!c 
Fig. 6.) Then the dendrites become broken and disint^rated. The 
cells become swollen, vacuolated, degenerated, and finally atrophied, 
and their axones share in the destruction. So long as the lesion is 
limited to the shedding of the granules it is not irreparable, and re- 
generation may occur. In the cases of alcoholic neuritis which present 
psychical symptoms, there is every reason to suppose that these patho- 
logical clianges are present in the brain, and the degree of impairment 
of mental csipacity is directly proportionate to their intensity. A gen- 
eral atrophy of the muscular fibres is always prestmt in the paralyzed 
muscle, with a loss of their striation, a fatty degeneration and a dis- 
int^^tion of the muscular substance, and an increase of the connec- 
tive tissue. The muscular fibres show great irregularity of size, and 
present both parenchymatous and interstitial changes with the deposit 
of fat. 

Etiology. — Males are more commonly affected than females by al- 
coholic paralysis. Thus in 250 cases which I have collected or ob- 
served but 89 were in women. When, however, the much greater 
prevalence of drinking among men is considered, it becomes evident 
that the disease is relatively far more frequent among Avomen than 
among men. And this fact has b^n emphasized by all Avriters. In 
men the poison seems more liable to manifest itself by acute cerebral 
symptoms than by tliose of disease of tlie peripheral nerves. Neuritis 
is especially frequent among those persons in the higher classes whose 
nervous organism is highly developed, and who lead a comparatively 
inactive life. It seems not at all improbable that sedentary habits 
predispose an alcoholic drinker to this disease, and hence active work- 
ers, male or female, though taking an equally large amount of liquor 
as the luxurious drinker, escape. 

All ale-oholie drinks are not equally prone to produce paralysis. It 
is the spirituous liquors — brandy, whiskey, gin, and rum and the 
liqueurs, absinthe, vermouthe, etc. — which are particularly dangerous. 
Bi^t many cases arc known to be due to excessive l)eer drinking. I 

‘Heilbronner. Monatssebrift f. Pstych. u. Neurologie, 1898, p. 246. 




Longitudinal Section of Tibial Nerve in a Case of Alcoholic Neuritis, 
(Osmic acid and carmine stain.) 

The degenerated nerve fibres are stained black; the thickened interstitial 
connective tissue is stained red. 

ol. u. Thcrai*., NolhnaKcI. H*l. xi.. Taf. vii.) 
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see every year at the clinic cases in drivers of beer wagons who con- 
sume forty or fifty glaases of beer daily. I have even seen a case in 
a child of three years who had been given beer several times a day for 
some w(!cks. I have known cases in women to be due to taking col- 
ogne ; and in Ireland, where ether is used as a drink, many tnises arc 
due to this (muse. The fumes of alcohol are cajmble of causing the 
disease in a mild form. It is steady drinking of small amounts 
thnjughout the day, rather than excessive ocensional indulgence, which 
is more likely to cause neuritis. The liability to neuritis from medici- 
nal uses of alcohol should never be forgotten in those (sases where it is 
used as a heart stimulant. I have seen many cas(!8 developing after 
typhoid fever and pneumonia where it seems very probable that the 
actual cause was the free use of ahjoholic stimulants given to support 
the heart, little food being given. All ages are liable to lx; atfe<;ted, 
but tlic majority of (mses are between thirty-five and fifty years of age. 

Sjonptoms. — It is only after alcohol has been consumed in large 
amounts and for a considerable length of time that neuritis develops. 
Its onset, though often apparently gradual, is usimlly sudden. For 
months the jMitient has suflered from clmmic gastritis, insomnia, general 
neuralgic pains, or severe pains in the joints or limbs, and from alco- 
holic tremor and a certain feebleness in movement, when all at once 
his legs give way beneath him and after the sudden fall he finds him- 
self unable to rise. Thus a patient of mine, after a year of sudi pre- 
monitory symptoms, was seized with paralysis quite unexiHictedly when 
getting out of bed in tlie night. The onset in other cases is preceded 
by symptoms of disturbance in the heart and lungs. The patient has 
had j)alpitation and dyspnoea ; has had swelling of the feet, undue ex- 
haustion on exertion and possibly a bronchial cough ; and wheu ex- 
amined is found to have a feeble heart, dilated and flabby, with faint 
sounds or distinct ipitral regurgitant murmur, and the signs of chronic 
pulmonary congestion. Then, after a period of uuasual indulgence in 
stimulants, paralysis suddenly develops with all the sensory distur- 
bances of a neuritis. 

When the paralysis begins it soon IxMiomes complete in the feet and 
legs to the knee, and may advance up to the thigli, involving the ex- 
tensors of the legs. It next attacks the hands and forearms, and 
while in all extr(;mities it is greater in the extensors than in the flexors, 
in some (siscs both groups of muscles become entindy helpless. The 
paralyzed muscles are flabby, and soon become atrophied, they have 
no excitability to mechanical irritation, and the tendon rciflexes arc 
lost. They fail to react to a faradic current in the majority of cases, 
though occasionally a very strong current may prcxlucie a r(;apon8e. 
Wlien galvanism is applied the reaction of degeneration is found to be 
present. It is often found that strong galvanic currents have to be 
used to produce any contraction at all. The paralysis of the muscles 
may advance rapidly in severe (wses, involving the motor cranial 
nerves, the muscles of the trunk, and, lastly, the diaphragm, thus caus- 
ing death. More frequently, however, it is arrested when only tlie 
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distal ptirts of the extremities are involved, then, after a stationary 
jxjriod, -whicli varies from a few weeks to several months, it gradually 
subsides until recMivery is complete. 

Tlie position assuineil by tlie jMiralyzcd limbs has been tliought to 
be almost tshamcteristic. Dropped-wrist and dropped-foot appear 
early, due to the pjirjilysis of the extensors, and further deformities of 
hands an<l feet follow. When the feet are dropped the first joint of 
the toes may be hyjjerextended though the second is flexed, but as 
time goes on this hy^KTextension gives place to flexion and tlien the 
entire foot is paralyzed and hangs down, the natural ooncsivity of the 
sole being increased. The weight of the l)edclothe8 may increase! the 
dropping of the feet an<l flexion of the ttxs. Ixiter the muscles of 
the sole and of the calf Ixjcome permanently shortened an<l the sole c!an 
no longer be placed on the floor. When the patient is able to begin 
to stand, all the weight comes on the toes, which often turn under. 
Then the heel of the shoe has to be built up in order to form any sup- 
port. The deformity of the hands is also different in <lifferent stages 
of the disesise. At first there is dropped-wrist, the fingers hanging 
limj). Later, a claw-hand appears, the first phalanges being hyperex- 
tended, the second and third flexctl. The thumb is also hyperex- 
tended, and, the mcbusirpal bone being drawn backward but adducted, 
the thumb can no longer be apposcid to the fingers. (See Fig. 98.) 
After a time the hyperextension gives w.ay, the intrinsic muscles of the 
hand being paralyzed and the fingers are straight, adducted, and im- 
movable, being fixc<i by contracturcid, atrophied muscles. In tliis 
state ankylosis of the smaller joints often develops, and the use of the 
hands is very slowly regained after painful massiigc and passive 
motions. I have seen bilafiiral facial paralysis of the ]X!riphoral type 
in a ease of alcoholic paralysis ; and several cases in which the ocular 
muscles were paralyzed. Irregular, rapid pulse, due to an affection 
of the pjieumogtistric, is a not uncommon occurrence in alcoliolic cases, 
and is a dangerous symptom. 

Tlie patient suffers far more from the disturbance of sensation than 
from the paralysis. In the description of Jaiikson, tlie pains were 
graphically portrayed. They are the cause of terrible agony, are suf- 
ficient to pnxluce iusomnia, and wear seriously upon the endurance of 
the sufferer. 

In addition to pain, hyperffisthesia, both of the skin and muscles, is 
always observed. It is usually quite extensive in the legs, though in 
cases of jMiisoniug by absinthe it has been limited to the soles of the 
fecit. The musclcis, as well as the: skin, are sensitive to handling and 
to prcissure, and nuirkcd tenderness in the course of the nerves is con- 
stantly elicited by exiiraination. In many cases soon after the onset, 
the jiatients cannot bear to be touched or moved, though perfectly un- 
able to help themselves. Cramps in the calves or in the extensor sur- 
face of the thighs are often complained of and give rise to much 
distress. 

FaroesthesiiB arc always complained of. Numbness, tingling, and 
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formiciation arc frequent. In one of my patients the sensation was as 
if heavy bracelets were around the wrists, and as if very tight drawers 
were on the legs. At other times she felt as if the limbs were swollen, 
and as if the skin was about to burst. One patient described the sen- 
sation as being like iron stockings on the legs. Another insisted that 
there were needles under the skin of the liands. Such scnsiitions may 
cejise as the <!ase iner(»ascs in severity, and give place to a total la<!k of 
sensation in the parts. They return, however, with advancing recov- 
ery, and are among the last symptoms to disiip[K.>ar. 

Abolition of tactile seust!, and to some degree of muscular sense, is 
the rule after the psiralysis has developed. Tem])erature seimj and the 
|)erceptioa of piiiu are never wholly lost, but may be dedayed in trans- 
mission. Thus in multiple neuritis the phenomena of diss(K-ia(cd stai- 
sation may be found, but in the reverse sense to that observed in 
syringomyelia. The anesthesia may be limited to irregular areas, and 
may be found in the cuUmeous distribution of one nerve only, but 
is usually found over the entire distal part of the paralyzed limb. 
Usually the cutaneous reflexes arc prcscrve<l. 

The loss of muscular sense is, in some crises, so markcti a symjrtom, 
and one of such early occurrence, that Urcschfcld distinguished ii class 
of cases which he terms ataxic rather than paralytic. And tliis dis- 
tinction is perfectly justiflable, for in many cases it is the incoordina- 
tion which first attracts the attention of both the j)atient and the 
physician. It is this class of alcoholic cases whicdi may be mistak«‘n 
for hxsomotor ataxia, and which have been named by i'rench writers 
jmnido^(ihe« nleoolifpte,'^ or nourotobes perij)hcrica by the tlermans. 
But ahixia is not exclusively limited to tliis class of cases. It may lie 
present in some degree in cases of paralysis, and during r(!eovcry from 
paralysis the defiiaency in isoiirdinating power may become evitlent, 
and appear to rctaixl tlie progress of the case. Nor are the cases of 
ataxia, on the other hand, free from paralysis. 

The gait in neuritis is quite chanuiteristic. By contrasting the 
walk of a true ataxic patient with that of an ataxic alcoholic ^laticnt, 
Westphal* and Charcot'* have each pointc<l out several points of 
difference. The tabetic patient throws the foot forward with undue 
violence, the toe lifted high in the air, and brings first the heel down 
forcibly and then the entire foot. The alcoholic, howiiver, has some 
weakiu^ss in the muscles of extension and cannot raise the toe. He, 
therefore, lifts the foot high in order to step over the hanging tex) and 
not to trip on it, but the motion is made without undue force. He 
then throws the fixit forwanl in order to throw the toes up and get 
them out of the way as he brings the foot down to the floor. Tlic 
motion is awkward, and has an appearance of one stepping over high 
obstacles, but it is a voluntary attempt to remedy a deficaeut power — 
not the involuntary awkwardness of a man unable to manage strong 

•Dejerine. Arch. <le phys., 1884. See also Drcschfeld, Brain, Nos. 26 and 32. 

* Wcstphal. Ueber eine bei chronischen Alcoholisten bcobachtete Form von Geh- 
Btoningcn, Charit4 Annalem 1879. 

’Charcot. liC^ons, Le Progrfis M&licale, 1886. 
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muscles. Tliere nuiy Imj in both patients somt* tottering and swaying 
when standing with the eyes elosed ; this so-<silled Romberg symptom 
is common to both locomotor ataxia and ahx^holic neuritis. 

The vasomotor symptoms in alcoholic neuritis are vciy variable. 
Sometimes they precede the attack of pandysis for 8t)me months. 
There are irregukritics c f circulation in the extremities causing cold 
hands and feet, or bimiing red hands and feet, or undue sweating. 
When the pandysis is develoiH-'d the color of the extremities is pale ; 
they are cool and often wet with perspiration or ocseasioually livid and 
hot. If allowed to hang down both hands and feet get purjde and 
swell. Jhiss saw one case in which Raynaud’s disease developed. As 
the disease goes on, glossy skin a 2 )pear 8 and then the dermal tissues 
become atroplued and the skin seems too tight for the fingcu’s and toes. 
It is oftcu pigmented and scaly, and, when the tenderness is so great 
as to prevent washing, dark brown, scaly masses may collect on the 
lingers and hands and fw)t. The growth of the nails is always 
altkited. They become ridgwl transversedy, are thick and brittle, and 
too tender to be cut. As recovery betgins new, thin, healthy nail ap- 
jiears above the thick ridge. (See Fig. 98.) 

The siMJcial senses are occasionally affected in cases of alcoholic 
paralysis. Amblyopia has been observetl, an<l also defeedive vision 
from central scotoma. The field of color vision is often contraerted 
even when sight is preserved. There may develop a true oirtic 
neuritis, evident to the ophthalmoscope, and this may go on to oi^tic 
nerve atroj>hy.* Inecpiality of the pupils is fmpiently senm, as is also 
a moderate contraction of the pupil. All these eye symj)toms, occurring 
as they may in a case of the ataxic variety, make a diffci'ential diag- 
nosis from locomotor ataxia difficult. The Aigyll-Robertson pupil 
(which contracts in accommodation, but not to light) has not bmi seen 
in alcoholic cases, while it is an early symj)tom of talxis. One writer 
affirms that a condition of the inijiil just the reverks of the Argyll- 
Robertson pujnl is present in alcoholic ntairitis, a pujiil which reacts 
to light but fails to react in accommodation. I have been unable to 
confirm this statement. 

Oue important feature of alcoholic paralysis remains to be noticed, 
viz., the mental symptoms. These are hanlly ever wanting in severe 
cast!S. I cidlwl attention to these symptoms in ,1887.* They have 
biien most fully described by Korsakow,* Soukhanoff ^ and lately by 
Jelliffe.* The name Korsakow’s psychosis has been given to these 
symjrtoms, but I [uvfer tlie term polyneuritic psychosis. There is at 
first ex(!itcment rising to the degree of active delirium, with illusions 
and hallucinations of the various senses; there is insomnia, which 8(jon 
exhausts the patient if it is not remedied ; there is a loss of memory, 
especially of recent occurrences ; and a lack of jwwer of attention or 
concentmtion which jirevents intelligent conversation. 

*Brii»uad. Leg Paralysies-Toxiqueg, p. 31, Paris, 1886. 

.,’MlddIoton Goldsmith J^situres, 1887. Medical News, March, 1887. 

• Arch. f. ftych., 1892, Bd. xxi., 669. * Kev. de Mdd., May, 1897. 

' ‘N. Y. Med. Jour., Get. 21, 1908. 
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The patients are usually greatly depressed and alarmed at their con- 
dition, and require hourly reassurance of the prolmbility of recovery, 
forgetting what has been told them almost as soon as it. has been 
uttered. The depression may leatl to crying for hours at a time, but 
the self-reproaches common in true melancholia are never heard in this 
state. The indifference to bodily wants may be so great as to lead to 
uncleanliness, and since paralysis of the sphincter is the rare excep- 
tion, incontinence, if it occurs, is to be ascribed to the mental state. 

It is useless to attempt to get any reliable history of their illness 
from these patients. Their statements are unintelligible or unreliable. 
Tliey will relate occurrences as having happened recently, with much 
elaboration of detail, when as a fact the story is entirely a product of 
their imagination. Thus one patient of my own who had been confined 
to l)cd for many days, told me one afternoon that she had btssn out to 
see an eminent gynecologist during the morning ; had gone to his office 
and waited for him several hours ; hsid seen other patients there, and 
finally had been told by the do<!tor’s brother that he would not return 
in time to see her, so she had come home again. And this was all 
related in apparent good faith, so that I have no doubt that she be- 
lieved that what she said had occurred. Several patients have de- 
clareti tliat they had Ixicn out to walk or to drive, when they had been 
unable to leave the bed for some weeks. One patient tokl me a dif- 
ferent history of her case every day for a week, and it was only 
from her friends that the corre<jt account was obtained. It is evident 
that the statements of these patients cannot Ixj accepted regartling any- 
thing, especially as to their own history. The defects of memory are 
permanent and after recovery patients have no clear recollection of 
their illness. This mental state may last for two or three months, but 
after a time the mind becomes clearer, the power of attention returns, 
memory improves?, the depression is loss constant, and mental health 
is regained. Even in cases lasting four months I have seen permanent 
recoveries now lasting ten years. Occasionally a permanent dementia 
develops. While Korsakow’s psychosis is usually due to alcohol, it 
may appear as a result of long-continued malnutrition, and anaemia in 
cases of gastric origin, and after childbirth attended by severe hem- 
rhages.* Patients suffering from this psychosis are legally insane for 
the time until they rccovc^r. 

The course of alcoholic neuritis is quite uniform. After a sudden 
onset die symptoms advance rapidly to a high degree, which is reached 
in a week or two from the beginning of the paralysis or ataxia. Then 
they may increase furtlier, and cause death by re.spiratory paralysis. 
Usually they remain stationary for a time, which may be several 
months in severe types, and then gradually subside, the entire duration 
being from four months to two years. Individual muscles regain their 
power, tone, firmness, and electrical reaction slowly, and during retiov- 
ery the tingling and numbness in the hands and feet may be severe. 
Ill a few cases the muscles become contractured, and permanant defor- 
* Serbfiky. Arbeit, a. d. Wiener, Neur. Institut, xv, 1907. 
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mities develop, only to be overcome by long-continned massage or by 
operative measures. These deformities cause great diffieulty iu regain- 
ing the power of walking. The fwt cannot be placed flat on the 
ground and the kmres are partly flexed, so that it is often months before 
the [)atients can stand, and even when by the aid of high hcKils on the 
shoes, supporting braces to the ankhis, and crutches, the upright position 
can be attaimsd, it is with difficulty that the balance can be preserved. 
When the fact is considered tliat those who recover rapidly rarely fail 
to resort again at once to the use of stimulants, and thus expose them- 
st'lves to the danger of a relapse, the ultinuite fate of the chronic cases 
is hardly more serious than that of those wlio get well quickly. 

Treatment. — The treatment of aleoholio neuritis differs in no re- 
spect from that alretidy dcscribetl on page; 203. 

The following cfiscs illustrate the various forms of the disease : 

A young man who had drank whiskey eight or ten times a day for 
some months without ever being drunk, began to feel a numbness in 
tlie legs and then in the hands, which was followed in three weeks by 
some undue fatigue on walking ; occasional sharp pains in the legs, 
and a week later by weakness in the extensors of the feet and un- 
stca<liness of gait. He went to the Hot Springs of Virginia, was 
treate<l for rheumatism, as he suflered while there from pains in the 
1^, but was finally told after two weeks that he hsid locomotor ataxia 
and was advised to go home. When I saw him on his return his sub- 
jective numbness was attended by a slight ausesthesia of the fingcra 
and toes. His calves and forearms were very tender to pressure and 
the extensors were decide<lly weak, so that he could not raise his toes 
from the floor when standing, but he had no drop-foot or drop-wrist. 
He was quite ataxic in his gait, swayed with eyes closed, but had no 
ataxia of the hands. His knee-jerks were absent, but he had no dis- 
turbance of his bhwldcr, and his pupils reacted to light. His pulse 
was rapid and feeble, and he was subject to faint feelings and occa- 
sional sudden fenrs. He was put to bed, deprived of alcoholic drinks, 
fed fre«iuently and well, and given two warm baths daily and general 
massage. Cod-liver oil and glycero-phosphate of soda, 16 grains, 
three times a day, were given daily, with strychnine, three times a 
day, four days in each week. Within four weeks his symptoms had 
improved so much that he was allowed .to get up. At the end of nine 
weeks his paralysis had jentirely disappeared and he no longer had 
pains or ansesthesia or any ataxia ; and fourteen weeks from the date 
of his return from Virginia he was perfectly well, except for a very 
slight numbness in the sole of one foot. The knee-jerks returned in 
the tenth week. The entire duration of his illness was nineteen 
weeks. He has had no recurrence. 

A man, aged thirty-six years, a hard drinker, after an attack of 
gastritis became paralyzeil suddenly in both legs. A few days after 
thta-both hands became useless, so that he was completely helpless. 
On admission to the hospital, seven weeks after the onset, he com- 
plained 'of pain in all four extremities, and of tenderness in the 
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muscles and joints when these were handled. The upper extremities 
were almost totally paralyzed below the elbows, the only motion pos- 
sible being a slight flexion of the fingers. There was drop-wrist on 
botli sides. The lower extremities were totally paralyzed below tlie 
knee, and the feet hung down motionless. The muscles of the thighs 
were also affected, for although he could pull his legs up in bed, it was 
with great difficulty that they could bo straightened out. All the 
jianilyzed muscles were atrophied, and showed a reaction of degentuu- 
tion. Tactile sense was considerably impaired in areas corresponding 
to the region covered by long stockings and gloves, but the senses of 
pain and temperature and muscular sense seemed to be natund. The 
knee-jerks were lost. When an attempt was made to have him stand, 
the feet were pushed out and the knees doubltHl under him at on<!e. 
Fibrillary twitchings were very noticeable in the atrophied muscles, 
and a marked tremor of the tongue was setui. The facial and o(!ular 
muscles were not affected, and the special s<mses were normal. There 
was no incontinence of urine, and no symptoms of thoracic or visceral 
disease. His mind was much impaired. He talked in a rambling 
manner, laughed much, and could not fix his attention, ami his memory 
was so poor that no reliance could be put in his statements. Under 
treatment by complete cutting oiF of all stimulants and by itMlidc of 
potash he bcgiin at once to improve. In two mouths from the time 
of admission he was able to walk, and two months later he was ilis- 
charged perfectly well. In this case the duration was six months. 

A young woman, whose father died of alcoholism, hml drank 
champtignc and brandy very freely for two years during a p<‘rifKl 
of mental distress. She was then (August) suddenly seized with 
jKiralysis attended by severa piiiu in arms and legs. She was at the 
time in Europe, but was brought home, being carried to and from the 
steiimer. When I saw her in JJfovember she had a typical alcoholic 
neuritis, with great ttsnderness along the nerves in the <;alves and on 
the front of the thighs, and drop-feet; cold, clammy hands covcrctl 
with scales and pigmented, and ansesthesia in the glove and stocking 
areas. She was suffering intensely from such pains and hy|)ermsthcsia 
in her arms and legs that she could not bear tlie weight of the bed- 
clothes. She lay in bed with knees fl(!xed and feet extendwl; the 
knee-jerks were absent. Her pulse was feeble and rapid and she was 
in a state of great mental distress at her cotulition. She rcnpiired 
anodynes to rtiieve the pain. Under fo<jd, cessation of alcohol, which 
was extremely difficult to secure, as it was the only thing which 
relieved her pains, and general tonics, especially strychnine, she 
improved rapidly. In February she was able to walk with the help 
of high heels and corset shoes, and in April all her symptoms had dis- 
appeared excepting numb sensations and occasional pains in her feet. 
Her knee-jerks had returned. She soon resumed drinking in spite of 
warning, and six months after her recovery she was again paralyzixl ; 
this time the hands as well as the feet being helpless, and drop-wrist 
developing at the same time as drop-foot. I saw her in December in 
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the second month of this attack. She had a pulse of 150, irregular 
and intermittent, and was cyanotic. Her suffering from pain was 
extreme, and contmctui-es existed in all the extremities. Glossy 
skin was present on legs and arms, and the extremities were hot and 
perspiring. Her mind was much affected. She had hallucinations of 
touch and sight, affirmed that her hands and feet were filled with 
needles, which she spent hours in drawing out of the skin, filling an 
empty box which she showed me as full of them; declared that 
scissors and knives were still buried in her flesh and cutting her. 
She had no memory of the events of the past two months. This con- 
dition continue<l for three weeks, her life Iwing despaired of on account 
of her wesik heart. During this time she told me daily some new 
story of having been to balls and receptions, and to drive in the park. 
Then (January) her circulation improved, her pains became less 
severe, she became less restless and was able to sleep, and her mind 
gradually became clearer. At the end of April she could use her 
hands a little and had lost the glossy skin and her mind was clear. 
But it was not until October that she was able to walk, and tlicn she 
had to wear braces. In January she had recovered. 

MULTIPLE NEURITIS DUE TO POISONING BY CABBON-MONOXIDE 
OB ILLUMINATING GAS. 

A certain number of persons are brought into the hospitals eveiy 
year suffering from acute poisoning by illuminating gas. Either acci- 
dentally or with suicidal intention they have turned on the gas in their 
sleeping rooms, and have been found after several hours in a state of 
coma. If they die softening of both corpora striata in the brain are 
found. If tlicy survive this condition of acute poisoning they some- 
times develop symptoms of multiple neuritis within a week. These 
symptoms consist of tingling and numbness of the extremities, more 
acutely felt in the distal parts and attended by slight anesthesia, also 
a condition of weakness in tlic muscles which docs not go on to a total 
paralysis but makes them feeble. There are rarely any atrophies or 
changes in the electrical contractility in the affected muscles, and the 
sensory symptoms are, as a rule, much more marked tlian the motor 
symptoms. For many weeks, or even months, these patients suffer 
from panesthesiae which are excessively disagreeable. In a few cases 
I have seen a slight ataxia of movement, both in walking and in the 
use of the hands. The symptoms gradually subside under general 
tonic treatment, and the patient finally recovers. 

The following case is pf interest, as it appears to be a case of multiple 
neuritis following poisoning by natural gas : 

The patient was a healthy man of good habits who had been very 
much exposed to the fumes of natural gas in his home in Peru, Ind. He 
gradually developed symptoms of tingling and numbness in the legs, 
\^chi floon after extended to the hands and increased in extent until 
t^ iegs and thighs and the hands and forearms were the constant seat 
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of disilgreeable niimbness. After suffering in this manner for tliree 
moiitlis ho began to notice an uncertainty of gait, wliich s<H>n became 
a markctl ataxia. There were at no time any pains, piralysis, atrophy, 
fibrilluiy twitchings, or disturbances of the bladder and rectum. His 
knee-jerks were normal and his pupils reacted perfectly to light, but 
his gait was distinctly ataxic ; he swayed with his eyes closed and had 
a marked condition of anaesthesia to touch, temperature, and {min as 
high as the middle of the thighs and elbows, tliis anaesthesia l)eing 
more intense in the hands and feet than in the upper parts. He had 
had during the entire illness some gastro-intestinal catiirrh with at- 
tacks of diarrhoea, but careful investigation failed to reveal any {>os- 
sible source of poisoning by leatl, arsenic, mercury, or drugs. It was 
discovered, however, that in both his house and office natural giis was 
burned for heating and lighting pur|)oscs, and that the fixtures were 
imperfect, resulting in incomplete (xunbustiou and leakage so that it 
was necessary to make special provision for ventilation, and Imth house 
ami offifXi were often filled with foul and nauseating gases wheu the 
<li*aught8 through the ventilators were imperfc<!t. Ou removal frf»m 
his home to the Cliftou Springs Sanitorium, ho rapidly improvc-d under 
general treatment and was able to nsturn home after three months (piite 
recovere<l. A yesir later, however, also in the spring, after the con- 
finement of the winter, tlie symptoms recurred witli c(]ual intensity 
and remained for eight weeks until he agiiiu left home, when, after 
four weeks, they subsided. In the absemse of auy otlier caust; (and 
great care was taken to ascertain some ctiuse for the condition) the 
neuritis was ascribed to the inlialation of natural giis. 

A number of cases of neuritis in single neiwes have been reported by 
foreign observere occurring after poisoning by illuminating gsjs. It 
is to be remembered that in a state of long-continued coma, pressure 
upon nerve trunks may occur of sufficaent duration to cause traumatic 
neuritis which lias not, under such circumstances, any relation to the 
cause of the coma. 

MULTIPLE NEUBITI8 DUE TO POISONING BY SULPHIDE 

OP CARBON. 

Multiple neuritis may develop in workmen who are exiwsed to 
poisoning from sulphide of carbon. This sul)stancc is present in rubber 
and the disease has been observed in those who work in rubber fac- 
tories where ventilation is neglected. The fumes or the powdered 
dust containing sulphide of carbon are iuhalcsd or get into the mouth 
and are taken into the stomach. Guillain* has reported a case in a 
man who was employed in manufacturing toy balhxms. These balloons 
arc plunged in a bath containing bisulpliidc of carlmn. This patient 
develop(3 total i)araly.sis without sensory symptoms. The effect of 
the poison is slowly developed and seems to be widespread.* In addi- 

* Revue de Neurol., February, 1904. 

’K. Landenheimcr. Die l^hwefclkohlcnKtoil Vergiftungen dcr Guniiniarbeiter, 
Leipzig, 1899, where full references to all published cases, altoat forty in number, can 
be found. 
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tiou to a state of general antemia, with disturbances of digestion, tlie 
patients suffer from headache, inability to fix the attention and to re- 
member, and from many symptoms of functional nervous disorder, 
which may awaken a suspicion of hysteria ; but as time goes on the 
symptoms of multiple neuritis appear, and these may be of tlus paralytic 
or of the ataxic type, and pursue a course not unlike tliat observed in 
alcoholic or arsenical cases. The development of cerebral and of 
spinal symptoms in some of the recorded cases makes it probable that 
the poison has an cfftHst upon the central nervous system, and that the 
lesion is not in all cases limited to the peripheral nerves. Autopsies 
are wanting to establish an exact pathology. 

MULTIPLE NEURITIS DUE TO POISONING BY THE COAL-TAR 
PRODUCTS, ESPECIAIJ.7 SULPHONAL AND TRIONAL. 

Since the gcsncral use of the coal-tar proclucts in the treatment of 
disease, especially of painful affections, and the free use of sulplioual 
and trional in the ti’eatment of insomnia, a few csises of multiple neu- 
ritis have been reportetl, occurring in patients who had abused these 
drugs. And their chemical resemblance to alcohol lends a ceitoin 
amount of support to the hypothesis that they are capable of pi-oducing 
multiple neuritis. Kemak has reported a case as having occurred 
subsequent to the use of autipyrinc, and Stewart Hart' has rccoi’dcd a 
case, which I saw with him, probably produced by the constant use of 
trional. A psitient of my own, who t(K>k 120 grains of sulphonal in 
four hours by mistake, slept two days, was marke<lly cyanotic, with 
pulse of 120 and shallow respiration, and, for three weeks aftcrwaixl, 
suffeml from parsesthesise, weakness, and atoxia in the arms below the 
ellmws and in the legs below the knees. The symptoms gradually sub- 
sided. They re.st!mbled so closely those which I had st;eu in hospital 
cases of illuminating-gsis poisoning, that it seemed justifiable to ascribe 
them to a mild condition of neuritis. 

Multiple u(!uritis hsis been said by Ross to have been caused by 
poisoning with roburite (dinitrobcnzol) usetl by miners, and by poison- 
ing with anilin oil, used by dye manufacturers. In the cases recoixled 
the symptoms in both forms of poisoning were those of multiple periph- 
eral neuritis, together with general constitutional effecits — unsemia, 
cyanosis, and a blue discoloration of the mucous membranes, due to 
the action of the poison on the hjemoglobin. 

ARSENICAL NEURITIS. 

Historical. — Up to the year 1883 the various nervous affections 
produciid by acute or chronic poisoning by arsenic had been ascribed 
to spinal-ajrd lesions. Vulplan,* Virchow and Scolozoulwff * insisted 
upon the central origin of arsenical paralysis ; the latter,- with Popow,* 

* American Journal of the Medical Sciences, 1901. 

V • * Lcfonssurles Mai. duSyst. Nerv., 1879, p. 167. 

• Arch, de Phys. Norm, et Path., 1^4, p. 325. 

‘Virchow’s Areh., 1883, Bd. 93, p. 351. 
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basing his assertions upon physiological experiments. Dejerine,' how- 
ever, in 1883, after his studies of alcoholic panilysis, already <;itc>d, 
concluded from the close resemblance between alcoholic ami arsiuiical 
panilysis tliat the lesion was a multiple neuritis. And subse<iuent 
observations by Phihwlelphia* and Boston physicians, by Jaosche,* 
Naunyn,^ Dana,* Goldflam,® Jolly,' ami Hensijhen,® have established 
beyond doubt that the lesion in arsenical poisoning lies exclusively in 
the nerves. This fact hsis received complete confirmation during the 
prevalence of an epidemic of arsenical poisoning from beer which 
occurnHl in England in 1 8})9.® 

Etiology. — Arsenical poisoning may occur from the accidental or 
suicidal ingestion of any one of the arsenical salts — Paris green being 
the one usually seleistcd by those attempting suicide. The most 
common cause, however, is the accidental chronic poisoning which 
occurs in certain manufacturers, notably in tin mines, and in tin 
works ; in dyeing establishments and in sulphuric acid factories, and 
in those industries in which sulphuric acid is lai'gely u.st!d. This acid 
is now made chiefly from arsenical pyrites and thus contains consider- 
able quantities of arsenic. 

Chronic arsenical poisoning may occur from drinking beer in the 
brewing of which glucose, or “ invert sugar,” prepared by the aid of 
sulphuric acid, enters. Thus in the English epidemic it was ascer- 
tained that many Ixiors brewed in Siilfoi’d and Manchester contained 
from 0.14 to 0.28 grain of arsenious acid to the gallon, and this 
was .shown conclusively to be present oidy in the glucose or invert 
sugar used in the brewing, all other constitm;uts of the beer iMung free 
from arsiaiic. The glucose was found to contain arsenii; in the pix)- 
portion of 4 parts to 1 0,000. 

Chronic arsenical poisoning may also arise from the inhalation of 
particles of arsenic in the air, which are given off from wall-pap<*rs 
and from (Sirpets, hangings and furniture coverings, and from arti- 
ficial flowers containing arsenical dyestuffs.'® This was the cause in a 
ca.se of my own. The patient was a woman, who, to avoid mis- 
carriage, W!is kept for four months in a room which had been newly 
jiajicrcd and furnished with green cretonne subsequimtly found to con- 
tain large quantities of arsimic. The freijuoncy of such poisoning has 
led to the passage of laws in the State of Miis.sachasctts restricting the 
use of dyes containing arsisnic. Many toilet powders contain arsenic, 
and the inhalation of jiartieles given off from those, or the application 


*Compt€8-renilHH, Tome xevlii., Nr. 17, Oetober, 188.3. 

* Proceedings of the College of Physicians of Philadelphia, 1883. 
^Inaug. Dis., Breslan, 1883. 

‘Berliner klin. Woch., 1886, p. 5.W. 

“Brain, 1887, vol. ix., p. 456. 

*5fcitsch. f. klin. Me<l., ,1888, p. 399. 
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’Deutache med. Wochen., 1893, Nr. 6, and Charitd Annalen, 1893. 

* On Arsenical Paralysis, Transactions of the Koyal Society of Seici 
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“ Kclynack and Kirkby, Arseniral Poisoning in Beer Drinkers, Balliere, Tindall and 
Cox, Tx)ndon, 1901. Also Lancet, 1900, vol. i., p. 1610. 

“ J. J. l*atnani. Boston Medical and Surgical Journal, 1889, p. 235. 
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of arsouic in them to the skin may pmluce poisoning. The metli- 
einal use of arsenic in large doses or in small dost'S long continued 
miiy give rise to arsenitsil poisoning. This is particularly liable to 
occur in the treatment of chorea, of pernicious aiiiemia, and of car- 
cinoma, in all of which diseasf^s the drug is employed for months at 
a time. I have seen two cases of arsenical paralysis among 1,400 
children treated for chorea in my clinic. The more the danger of 
chronic arsenical poisoning is appreciated and the gresiter the use 
of articles into the manufacture of whicih it enters, the more frequent 
are the mports of cases arising in an unexpected manner. It is known 
that in Steiermark, in Austria, large numbers of the peasants eat 
arsenie. F. Muller ‘ has found arsenical paralysis very common among 
this class, in fact, even more common than diphtheritic paralysis. 

Pathology. — A simple parenchymatous neuritis, without any inter- 
stitial inflammation, has Ixicn found in many cases of arsenical multiple 
neuritis. In these cases the chief change is limited to a destrmstion 
and degeneration of the myelin sheath, the axis cylinder remaining 
intact. The myelin is broken into fragments or little balls, which are 
found in all stages of fatty aud granular degeneration within the 
sheath of Schwann. The nuclei within the sheath are in(!reased in 
number. This lesion has been termed segmental periaxillary neuritis, 
as the process may be scattered along the nerve and may not be con- 
tinuous from one segment to the next. In severer cases the axis cyl- 
inder is destroyed, being found in all stages of degeneration. In these 
cases many empty sheaths of Seshwaun are seen. 

Changes have also been found in arsenical paralysis in the spinal 
Corel. The same chromatolysis in the cells of the anterior horns, which 
has l)een described in alcoholic paralysis, has been observed, but this, 
as already stated, is of little importance. Henschen has found a true 
degeneration in these cells, and has also noticed an ascending degen- 
eration in the columns of Goll, which may be due to a primary 
degeneration in the cells of the posterior spinal ganglia. . 

Symptoms. — The symptoms of arsenical neuritis do not differ 
very markedly from those of alqoholic neuritis. In both there are 
two types of case — one characterized by paralysis, and the other by 
ataxia. There is little or no difference in the mo<le of onset of the 
symptoms between cases of acute and chronic poisoning. 

There are certain general constitutional symptoms which lirat appetir 
in sirscnictd poisoning and attract attention. If the poisoning is amite, 
violent vomiting and diarrhoea occur at once, and sometimes save the 
life of the patient, the poison being rejected and not absorbed. If the 
poisoning is chronic, a pufliness of the eyelids appears, at first most 
noticeable in the morning ; a tearful appearance of the face, and some 
catarrh of the nose is observed, and not infrequently gastric and en- 
teric symptoms develop. There may be pain in the stomach, nausea 
aud inability to retain food ; and fluid, green or slimy movements with 

^ ^ ‘Wiener mod. Presae, 1894, Nr. 15. 
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some tenesmus. In some cases a mild lever attends the attack, a rise 
of 1 ° or 2° F. occurring and persisting for some wetjks. 

In arsenical neuritis the first symptoms complained of are sensory 
in type. Tingling and numbness in the feet an»l hands, burning of the 
surface, tearing and shemting psiins, and great soreness in the skin aiul 
in the calves of the legs and feet, and soon a fo(;ling of weakness in 
the legs, great fatigue on walking, difficulty in rising from a scat or in 
going up stairs, and a staggering gtiit are noticed. As the general 
feebleness increases, paralysis develops rapidly in some cases, in others 
ataxia is more marked. The pamlysis appear in the feet and hands, 
the lower extremities being first affected. There is the Siime limitation 
of this paralysis to the small muscles and to the extensor groups of 
muscles of the extremities that is seen in alcoholic cases. The paralysis 
is flaccid in type, is soon followed by atrophy, which is first noticed in 
the interossei of the hands, and then appeal's in the peronei of the legs 
and in the extensors of the wrists, and is attended by loss of muscular 
tone and mechanical excitability. The reaction of ilegeueration is 
usually present. The tendon I'cflcxes are diminished or lost. The 
superficial reflexes are normal or are incnnised. Drop-wrist and drep- 
foot develop early and may Ixicome extreme. The distribution of the 
paralysis is always bilateral and symmetrical. In severe cases the 
patients are confined to bed, and contractnres in a fl<!xcd position 
gradually develop and may become jKirmanent. Thus in a case of 
mine which followed acute poisoning, the hands were fixed in a claw 
position for many months after all other symptoms had passed away. 

When the ataxia precedes piralysis the gjiit beiromes unsteiMly and 
irregular, the patient sways in stiinding with eyes (dosed, he drags his 
feet and shuffles along and finally shows the “ stepping giiit ” desca'ibed 
in alcoholic cases. The dropping of tlus feet sc'i'ves to distinguish this 
giiit from tliat of fcibes, though French writers have described these 
cases as psewlo-tabes arsenicale. Such a giiit was well mtirked in both 
patients with (diorea, who developed arsenical paralysis under my ob- 
servation. The ataxia is also present in the hands and is iiecompiiiiied 
by an impairment or loss of muscular' sense. It is iilwiiys attemhid by 
a considerable degree of weakness, and this commonly goes on to 
paralysis and the patients have to go to bed. 

In both tyjxjs of the diseiise, when the symptoms are fully developed, 
the pain and tenderness are extreme. Many patients ciinnot endure 
the slightest touch, even the bedclothes causing agony ; and the ex- 
treme tenderness in the muscles liclow the kneiis and elbows prevents 
any manipulation of the extremities. The hyjiersesthesia is felt more 
acutely in the distal parts of the extremities and rarely above the 
elbows and knees, but when the ahixia and paralysis are fully devel- 
oped it renders the patient particularly helpless. A marked tremor in 
the hands is usually an early symptom in both types of case. The 
ocular muscles and the facial muscles are not affected and the trunk 
muscles, the intercostals, and the diaphragm also escape. Occasionally 
erythema, redness of the skin, oedema of the extremities, cyanosis and 
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unusiiiil sweating, indicate an implication of vasomotor and trophic 
nerve fibrt5s. Some observers have reported a condition resembling 
erythromelalgia. 

The diagnostic symptom of greatest importance in arsenical neuritis 
is the appt'arance presentetl by the skin. This l)ecomes gradually 
darker from the de|)osit of pigment, so that the complexion resembles 
tliat of a gypsy, and if extreme the skin may finally turn almost black. 
The pigment is first deix>sitcd about the normally pigmented regions 
of the body, in the axilla) and groins and around the nipples. It soon 
appears, however, on the eyelids, on the abdomen and thorax, and 
finally on the surfaces of the arms and legs, the flexor surfaces being 
last aflccted. The pigmenbition is difliise, but here and there little 
islets of normal skin give a mottled apj)earance to the surface. The 
color is rather darker than tlmt seen in Ad«lison’s disease, and the 
mueons membranas are never discolored as in tliat aflcction. The jng- 
mentation may be preceded by erythema and may be followed by 
various eruptions, papillary, ccisematous, or herpetic. Herpes has been 
observed in many cases, usually on the limbs, sometimes on the body. 
After a time the skin desquamates in small flakes, but several desqua- 
mations may be necesssiry before a normal color is regained. Some- 
times there is a marked tiiickeniug of the skin, especially over the 
knuckles, on the palms and soles. Changes in the nails are vciy 
common, a thickening and brittle state being evident and rough ridges 
appearing transversely. The appearance of normal nails growing out 
al)Ove the ridges indicates beginning recovery. In the Manchester 
epidemic there were skin lesions in 97 per cent, of the tsises.* 

In one case of acute poisoning by Paris green, a reddish eruption 
appeared on the tenth day upon the hands, wrists, and forearms, and 
upon the ankles and feet, and in twenty-four hours had spread over 
tlic entire laxly. Four days later this had gi-adually disappeared, and 
then numbuess was first felt in the hands and feet. This extended 
rapidly, and in three days had reached elbows and knees. Paralysis 
lx>gau at the same time as the numbness, and in a week all power of 
movement Ixslow the knees and .elbows was lost. This remained for 
two weeks, and then slowly passed offj recovery not being complete 
for six months. 

The sphincters are never involved in arscniciil paralysis. 

M«!Utid symptoms have been described by a few observera, consist- 
ing of hallucinations, mild delusions, stuj)or, and loss of memory. In 
the English epidemic these were observed only in individuals who 
showed other signs of (ihronic alcoholism, but Jolly has seen them in 
a non-alcoholic case. And the fact that arsenic has a stimulating 
action upon the brain is said to l)e one reason for its use as a food by 
the Steiermark pejissiutry. 

The symptoms all sul>side slowly and progressively, and recovery of 
power and of coordination is accompanied by a relief from tlie hyper- 
aisthesia and the j)ain. 

'British Mediwil Journal, 1900, vol. ii., p. 1725. 
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The duration of arsenical paralysis is somewhat greater than that of 
arsenical ataxia. Either condition may last several montlis, but occa- 
sionally the recovery is complete in a few weeks. Fi^equently after 
the power has returaed, the patient suffers for months from numbness 
and tingling in the extremities, which are sufficient, as in a case under 
my own observation, to interfere with the finer motions, to disturb the 
sleep, and to cause constant discomfort. According to Gerhardt, 97 
per cent, recover wholly. And in the English epidemic, although the 
numl)er of cases was very large, several thousand having been ob- 
serve<l in the hospitals and disjK'usaries, the number of deaths rajjorted 
was comparatively small. 

Treatment consists in elimination of the arsenic by the free use of 
water and in restoring the general health of the patient. It d(X!s not 
differ in any way from the line of treatment for multiple neuritis, 
already descril)ed in detail on pige 205. 

The following case is interesting on account of its causation, and 
offera a typical history of the disease ; 

Female, aged thirty ycara, previously in g(Kxl health, bwjamc preg- 
nant in November, 1894, and until March 10, 1895, suffered exeeetl- 
ingly from the vomiting of pregnancy, and became rapidly emaciated 
from inability to retain food, so that she lost ninety pounds in weight. 
During this time she was confined to one room, the furniture and wall- 
paptsr of which on subsequent examination were found to contain almut 
two grains of arscmic to the square yaixl. On March 10th she b(!g!in 
to suffer from tingling and numbness in the legs and noticed some dif- 
ficulty in stretching out her legs, and this paralysis increased rapidly, 
so that by the 15th of March there was almost total paralysis of botli 
legs and very great pain and tenderness in both legs, together with a 
sense of numbness and tingling in the feet and legs as high as tlic 
knees. There was grrat sensitiveness of the legs to cold and luHit, 
and any movement of the legs was extremely painful, the pain being 
felt in the muscles. The knees were preferably kept in a position of 
flexion as extension was tex) iminful to be endured. On the 20th of 
March an extensive eczema apjxjared all over the body, but more par- 
ticularly in the legs and arms, and wjis attended by a deep brown pig- 
mentation of the skin and l)y some desquamation. On April Ist, a 
total paralysis had develoixjd in the feet and ankles and drop-foot was 
present on lx)th sides. The muscles below the knees were very weak, 
but the thighs could he moved normally. The knee-jerks wetre lost. 
Any attempt to stand was impossible on account of tlie paralysis of 
the feet and ankles, and the extreme pain that any prcissure upon the 
soles of the feet produced. The muscles were flabby and the muscu- 
lar tone and mechanical excitability were abolished, and fanulic con- 
tractility was lost in the muscles below the knees. There was no 
affection of the bladder or rectum and no tendency to bed-sores, but 
the nails of the tex^s were discolored and rigid, and the nails ceascnl 
to grow for thi’ee months. There was a constant sensation of tingling 
and numbness in the fingers, but no evidence of paralysis or aiues- 

15 
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tlicsin. Her room was changed, thus removing her from the source of 
the poison. The gastTO-intestinal catarrh, which was doubtless due to 
the arsenic, soon subsided under trejitmeut and she began to retain her 
food. In August she wtis able to walk with a little aid. In Decem- 
ber she still RMjuired some help in walking, as the foot-drop persisted, 
and braces had to be used for the ankles, with high-heeled shoes, aud 
at this time her legs were still stiff and numb. There were no knee- 
jerks, and sensations of pain, heiit, and cold were much less quickly 
and keenly perceived Iwlow the knees tliau alwve, or upon the hands. 
In April, 1 890, slic liad recovered entirely. 

MULTIPLE NEUEITIS DUE TO POISONING BY LEAD. 

Etiology. — Poisoning by letid is always a chronic poisoning and 
usually occurs in painters, in plumbers, in typesetters, or in workers 
in lesid objects such as toys, who come in contact with lead, either in 
the form of metallic Icjid or of some of the salts of lead which are used 
in mixed paints. Paiutere who work in the oj)cn air are less liable to 
lead poisoning than those who labor in rooms; aud those are most 
liable who, like the varnishers in carriage factories aud furniture 
cstablishmeuts, scrape otf old paint preparatory to putting on a now 
coat. Any work which results in the production of dust which may 
be mixed with lead, or its salts, may be productive of lead poisoning. 
It is evident that the inhalation of the dust is one method of the 
entrance of the poison into the laxly. Laborers who work in factories 
where china earthenware is produced aud where glazes and fretted 
ghiss are manufactnretl are very liable to lead poisoning. In the 
midland counties of England, where sueh industries are common, in 
Limoges, France ; in Dresden, Germany, and in Trenton, New Jersey, 
many cases are seen annually. 

The usual method of poisoning, however, is by swallowing the lead, 
and, as many painters do not properly clean the hands Iwfore taking 
tlieir noonday meal, the poisoning is often acquired in this way. 
Some individuals, however, appear to be extremely susceptible to lead 
poisoning. Thus, I have known most serious cases in children of 
piiinters who <!ould only have obtaineil the poison by inhalation of tlic 
fumes of paints that were kept in the room. I have known small 
amounts of lead to produce severe poisoning when taken into the 
stomach. Beer bottles are frequently cleaned by being shaken with 
lead shot within them, and I have known lead poisoning to occur 
from drinking the beer from such bottles. I have known lead poison- 
ing to occur in servants who drank the water first drawn from the 
spigot early in the morning, water which had stood in the lead pipes 
all night and had thus become impregnated with some of the soluble 
salts of lead. I have known severe cfiscs in typesetters whase fiugei’s 
were stained by the constant handling of metallic lead. I have also 
known it in plumbers after long labor in laying lead pipes. Horses 
are subject to Itsid palsy. Lead is not frequently used as a medicine. 
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aiul I have never known a case of poisoning from this source. Alco- 
holic subjects arc more liable to develop Iciid palsy than otliers. 

Pathology. — The pathology of lead palsy has been a matter of 
dispute among authorities for many years. Many writers have i()uud 
changes in the cells of the anterior horns of the spinal coni, while 
others, more recently, have maintained that the changes arc* limitcKl to 
degeneration of the peripheral nerve trunks. The establishment of 
the neurone theory has thrown light upon these diffin-cnces of o])iniou, 
and the disc<ivery of more delicate mctho<ls of staining by Ni.ssl and 
Marchi have demonstrated tliat the entire motor neurone may be 
affected in this disease. The most evident changes are a degenerative 
neuritis with atrophy in the [)eripheral nerves, chiefly in the radial 
nerve but not iufre<piently in many of the periphend branches of the 
brachial plexus. The degree of this degeneration and its extent de- 
pends ujTOu the severity of the jwisoning. There are few, if any, 
chang(« in the neurilemma or connective tissue sluiath, hcue(! this form 
of mairitis is purely a parenchymatous neuritis. While the majority 
of these (d)anges are limitetl to the terminal filaments of the nerves, 
there may l)e slight changes detected in the trunk of the nerves and in 
the antorior nerve roots. The method of Nissl demonstraUis chroma- 
tolysis in the cells of the spinal cortl and in thos(! of the spinal ganglia, 
but tliese are not usually of a sufficient degree to produce degemeration 
or (ionlpletc atrophy that is irreparable. In the sev(!r(!r (sises, how- 
ever, vacuolization of the cell and final degenerative chang<!s may take 
pla(;c. Changes of a similar kitid have also been found in the large 
cells of the brain cortex. The serious lesions are more (iommonly 
found in the peripheral nerves than in the spinal cord. 

Symptoms. — In 93 pew cent, of csises the onset of the jairalysis is 
preceded by a severe attiick of lead colic. The jxiticmt suffers from 
intense pain in the region of the umbili(;u.s, attended by obstinate (con- 
stipation, very oftim by nausea and vomiting. The pain is snpjM)scd 
to be due to an irritation of the visceral nerves by the lead. It may 
also Ikj due to distention of th(! intestines from paralysis of tlnwe lu'rves 
and cessation of peristaltic juition. There is a charaeteristie blia* line 
seen along the gums, not to be mistaken for staining of the teeth be- 
cause of its location and clear blue color. Anaemia is almost always 
present in patients who have b(^*n poisoned by lead. Anotlicr com- 
mon affection in persons exposcxl to lead poisoning is chronic articular 
rheumatism. Thqs, Tanqueral found that in 1,217 patients who suf- 
fered from lead colic, 7.55 developed painful joints, 107 devedoped 
paralysis, and 72 suffered from lusidache. 

A few days after the onset of an attack of colic, or sometimes not 
until two or three weeks after the attack has subsided, Uk; patient is 
suddenly seized with paralysis of the extensor muscles of the fingers, 
thumb, and wrist. It is a rule for one hand to be affected several 
days before the other, and oc(»isionally both hands are uiUKjually 
affected throughout the disease. It is quite commonly found that 
the paralysis of the extensors of the index finger or of the thumb 
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precedes the pamlysis of the other muscles. As a consequence of this 
paralysis the wrists drop and (tannot be raisecl, and from lack of ful- 
crum |)ower the flexors are apparently weakened. If, however, the 
wrists be extended by the examiner and hehl, it will be found that the 
flexor power in the hand and fingers is not im})aired. The supinator 
longns muscle is rarely, if ever, affectetl, and hence it is apparent that 
the lesion is limited to the distribution of the radial branch of the 
musenhtspirul nerve below the |)oint where the nerve to this muscle is 
given off. There is very often a tremor in tlie hands and Angers, 
which comes on early an<l remains until the paralysis subsides. There 
is no affection of sisnsiition as a rule, though s<jmetimes tingling and 
numbness is felt in the back of the hand or in the Angers. The 
muscles that are affected rapitlly undergo atrophy of an extreme type, 
so that within a couple of weeks of the onset the back of the forearm 
prestaits a veiy atrophic appearance and the muscles show the rea«!tion 
of degtineration. 

As a result of the drop-wrist a deformity of the back of the hand 
soon appejirs, due to a displacement backward of the internal bones of 
the wrist, forming a hard protuberance upon the back of the hand 
near the base of the metacarpal bones ; but Arm contractures or per- 
manent shortening in the pjiralyzed muscles, such as occurs in alcoholic 
or arsenical ctises, docs not develop in lejul palsy. Not infrequently, 
if the dis(Kise is a severe one, the intrinsic mnstJes of the hands also 
suffer early and the hands become quite useless, ai>positiuu of the 
thumb to the Angers and any abduction or extension of the thuml) and 
Angers being imjwssiblc. Then it is evident that branches of the ulnar ' 
and median nerves are also involved. 

The reaction of degeneration apjM'ars early in the muscles, and the 
faratlic resiction does not return until the patient has been well for 
some months. 

In the majority of cases the paralysis does not go beyond the mus- 
cles of the forearms and hands, and after a |)eriod of Ave to six months 
there is a gradual return of power and complete recovery. The 
patients often (iomplain of severe cramps in the muscles — a form of 
pain which may even prevent sleep — but pain is not a common symp- 
tom in lead palsy. 

The disease; is a very slow one and' the patients are rarely able to 
return to work within six or seven months of the onset. As their 
livelihood dei)cnds upon their labor, it is well that this should be un- 
derstoixl from the outset, so that during the periwl of incapacity they 
may seek some; other occupation which will enable them to support 
life. Relapses are common when patients return to their work. 

In more sewious ciises the paralysis may appear in the muscles of the 
shoulder, the deltoid being flrst affected, and then the biceps, brachialis 
anticus and supinator longns Iwing involved. Occasionally the mus- 
cles of the legs Iwlow the knees become jmralyssed, the peroneal group 
bdng more commonly invadtKl, though in severe c{is<;8 the extensors 
of the tfx;s and even the anterior tibial group may be equally jaralyzed. 
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Tliis only occurs in 4 per cent, of the raises and has Is'cn ohsc^rved 
chiefly in childrcn. It causes drop-feet and a stepping gait. In the 
most severe type the patient is almost totally jiaralyzcd. Fibrillary 
twitchings arc <K!casionally seen in the muscles, but they are not the 
rule. A general sensory disturbance is common, the patients suftcring 
from intense pain in the arms and legs, from unnistluisia of tin; hands 
and feet, and from very disagreeable sensations of pricking and ting- 
ling. The sphincters are never involved. Vasomotor and trophio 
symptoms are usually absent, though the hands and arms may be cold, 
cyanotic, and may perspire too freely. 

In the severe cases it is jMissible to demonstrate a condition of 
tenderness along the affected nerve.s, but in slighter cases no tender- 
ness is felt. A type of lead palsy has been desisrilied in which the 
symptoms appeiir first or exclusively in the cranial nerves ; the laryn- 
geal, the pharyngrad, the lingual, the ocular, the faiiial, and the optic 
nerves having been affecteil. In these cases headache, vertigo, and 
mentiil apathy indicate that the brain as well as the nerviis is invaded 
by the poison. This type is very rare. It is termed lead encephal- 
opathy by the German writers. 

Prognosis is good as to recovery, but the duration of the disease, as 
already stated, even in the lighter ty[H;, is si.x months, and in the more 
severe typo very often a year. The following case illustnitiis a severe 
condition of chronic poisoning: 

Male, aged thirty-eight years, after suffering from an attack of lead 
colic, began to feel numbne.ss and jiain in his legs and fcMit, which schjii 
(ixtimded to his hands and forearms. This steadily increased for two 
weeks, and to it was addeil paralysis of the lixtensors of both hands 
and both ft^t, so that at the end of that time he Avas unable to use his 
hands or to stand. With the paralysis there was ra[)id atrophy of the 
musehis, and a deeliuc in the faradic excitability. The mu-seles became 
more and more tender, and the spontaneous jiains gradually incimswl 
until it was urajessary to use opium freely to quiet him. By the end 
of a month a well-marked an.-esthesia had develojMsl in the hamls and 
below the knwis, and it was noticed that the atrophied musiih-s wiire in 
a constant tremor. There were wrist-drop and f(M»t-«lrop on b(»th sides, 
and all reaction to faradism crauscil. It rt*quire«l a very strong giil- 
vanic current to produce contraction and ACC was greater than KCC. 
The knee-jerk was preserved. 

The muscular sense was impaired. For five months his condition 
remained stationary, in spite of treatment by strychnine, iodide of 
potash, massage, and electricity. During a month of his illness he 
was delirious at night, was excited in the daytime, and subject to de- 
lusions and had little memory or mental capacity ; but these symptoms 
gradually subsided. Then a gradual improvement set in, the pains 
became less severe, sensation returned, the mu,sclcs regainetl their con- 
tour and strength, and, finally, the eliMjtric contractility returneil to the 
normal standard. About a year from the on.sct of the symptoms the 
lAJCovery was complete. 
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Treatment. — Treatment of the lead colic is oy means of full doses 
of opium to quiet the pain, and by laxative saline salts, such as sul- 
phate of majjjnesia, to relieve the CAmstipsition. Large draughts of water 
.should he given constantly, in order to eliminate the poison, which 
passes oflF partly through the kidneys. During the stage of chronic 
])oi.soning the patient should be instruetwl to drink a grent deal of 
water, and five gmins of iodide of ])otusli may be given three times a 
day to a.ssist in the elimination of tin; lead. I have never been able 
to see that strychnine, which is usually recommcndctl, has any effect 
upon the progiess of legeneration, tliough general tonics — cod-liver 
oil, iron, and quinine — may well be employtKl, as these |)atients are 
uuiforndy uusemie. Treatment of the paralysis is by masssige and 
electricity, gidvaulsm b»!ing the only current which will produce any 
effect. 


Multiple neuritis of the ataxic type, due to poisoning by phosphorus, 
has been recortled by Henschen in one taise, ami in seven other raises 
of acute poisoning he found mild nervous symptoms of paraesthesia 
and tenderness along the nerves. The condition must be a very rare 
one, as it has not been seen by others. Inquiry among employes in 
match factories faileil to elicit any knowledge of a special disease 
peculiar to this owupation. 

Mercurial poisoning has beim said to cause multiple neuritis, but no 
case can be found which is not open to objection. The tremor which 
is produced by acute mercurial poisoning, and which is observed in 
workers in looking-glass factories, is accompanied by headache, vertigo, 
and occasionally by hemiplegia or monophigia of cerebral ty[K>, and is 
not followed by multiple neuritis. Chronic mercurial poisoning after 
or during the treatment of syphilis also fails to cau.so neuritis. 

Gowers* has described a case of poisoning by silver, in which par- 
alytic symptoms developed in the arms with drop-wrists, resembling 
closely those due to load poisoning. The characteristic blue coloring 
of the skin was present. The patient dietl of cancer and no autopsy 
was made. This is the only ca.se thus far observed. 

A few ca.se8 have been recorded* of multiple neuritis due to poison- 
ing by copper occurring among brass workers. In these cases the 
symptoms re.s(!mbled those of the ataxic type of neuritis seen in alco- 
holics. They are so rare as to require mention only. 

When platinum is diasolved in aqua regia red fumes of oxides of 
nitrogen are evolveil which, are very toxic. In a workman affecteil by 
these fumes a {minful condition of multiple neuritis developed which 
ran a long and severe coui-se but finally recovered. 

‘DiHoases of the Nervous System, Geniuui edition, vol. iii., p. iiJ}-"). 

’Suckling. British Mediail Journal, 1888, vol. ii., p. 1334. Walton and Carter, 
American Journal of the Medical Sciences, 1892, vol. ii., p. 61. 



CHAPTER X. 


THE INFECTIOUS AND TOXiEMIC FORMS OF MULTIPLE 

NEURITIS. 

Multiple Neuritis Subsequent to Diphtheria ; to the Grippe ; to Typhoid, Typluis, and 
Malarial Fever ; to Scarlet Fever, Measles, Whooping-cough, and Smalliiox ; to 
Erysipelas and Septicasmia ; to Gonorrhoea and Puerperal Fever. Leprous Neuritis. 

MULTIPLE NEURITIS SUBSEQUENT TO DIPHTHERIA. 

Diphtheritic paralysis is one of the most common forms of mul- 
tiple neuritis, but does not occur us frtiqueutly as si sospiel in cases that 
are trcateil by antitoxin as in those which are allowed to run a normal 
course, lloscuau and Anderson ‘ have shown that in guincapigs one 
unit of antitoxin injected on the first day prevents paralysis while 4000 
units injected after forty-eight hours fails to prevent ixirulysis. After the 
pariilysis has appeared antitoxin fails to affect it in any way. The 
number of cases of diphtheritic paralysis appearing at my clinic; since 
the use of antitoxin, has been much less than in any previous jKiriod. 
Rothe * found 64 cases of diphtheritic paralysis in 744 cases of diph- 
theria treated at the Charit6 Clinic in Rerlin, which gives a Impieiicy 
of 8.7 jicr cent, of the cases of diphtheria followed by pandysis. This 
observation is in accord with that of other observers.'* Bernhardt 
called attention to the fact that in many cases of diphtheria th(;re is a 
loss of the knee-jerk, a fact which seems to him to jKiint to a probable 
susceptibility of the entire nervous system to the diphtheritic pcasoii, 
but liothe found a loss of the knee-jerk in but one-half of the; cases 
which were |)aralyzed. It is certainly a fact that for many weeks 
after the disappearance of all symptoms of diphtheria, even in caiscs 
which show no paralysis, the knee-jerk may be absent. 

Pathology. — The pathology of diphtheritic pandysis has been a 
matter of much discussion, ^me authors maintain that the lesion is 
a degenerative neuritis only, while others maintain that the lesions are 
central in the spinal cord and brain axis. A parenchymatous neuritis 
is the chief lesion, but occasionally a diffuse process with involvement 
of the interstitial tissues has been observed. In the finest nerves of 
the muscles and in the skin, the destructive process is more fully de- 
velopeil, as a rule, than in the trunks of the nerves or in the larger 
nerves. The neuritis is more pronounced in the cranial nerves in 
diphtheritic paralysis than in any other form of multiple neuritis. 

* Bulletin No. .38, TJ. 8. Marine-Hospital Service, 1907. 

*Inaug. Dissert, Berlin, 1899. 

* Woll^tt Lancet, August 20, 1899. 
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rxFEcrrom axd toxahuic forms of neuritis. 


Losions of tlic anterior and posterior nerve roots have been found by 
Dejerine, and nniny authors liave described parenchymatous dcpenera- 
tiou in the anterior horn cells and in the posterior spimd gan^^lia. 

Keceut experimcntid investigations by Murawjcff* show that the 
toxin of diphtheria pnKluces cliromutolysis and degeneration in the 
cell btxlies of both motor and sensory neurones. He also finds that 
it attacks the peripheral nerves as well; in some cases before, in 
others after it has attackc<l the neurone. 

Symptoms. — In the lighter forms of diphtheritic paralysis the soft 
palate is the only part that is affechid. In 472 ensos of diphtheritic 
paralysis observed by Wollacott the soft palate was affected in 413, 
the difficulty of swfillowing, with regurgitation of fluids thrtmgh the 
nose and a thickening and indistinctness of the voice being the only 
symptoms present. There is a loss of reflex in the tliroiit in these 
eases and a lowered sensitiveness of the pharynx, so that irritation 
does not cause acts of swallowing. The limitation of the paralysis to 
the palate has been explained by supposing that the poison of the dis- 
eiise has a direct action upon the terminal filaments of the nerves 
which, in this position, are, as it were, dipped constantly in tlie poistm. 
This th(?ory is supported by a csise in which paralysis of the alxiominal 
muscles was associated with a diphtheritic inflammation of the navel 
in a newborn child. But the more serious cfis&s prove that it is 
through the blood that the {)oison is canied to nerves far remove«l from 
the diphtheritic inflammation. 

Next in frequency to paralysis of the palate occurs paralysis of 
some of the ocular muscdcs, producing internal s<iuint and <louble 
vision. This psiralysis may atfect any one or many of the muscles 
moving the eyeball of one or both eyes, though it is less common for 
tlie levator palpebree to be afiTccted than .any other muscle. The ex- 
ternal recti are more often affected than the internal, and it is not 
common to find all the muscles supplied by the oculomotor nerve 
affected together. Among Wolla(«)tt’s 472 cases, 104 had some ocular 
imlsy. The jxiralysis of accommodation prevents reading. The 
paralysis may not extend to any other muscles than thost! already 
namc^, and in the lighter ctises remains in them for a period of four 
to ten weeks and then gradually passes off. 

Not infrequently, however, the disease extends much more widely 
and after a week or more of local palsy of the throat or eyes, or both, 
the individual develops within twenty-four hours a widespread paral- 
ysis of both arms and both legs. This is usually preceded or attended 
by ineobrdination of movement in all the finer adjusting actions of the 
hands and by ataxia in the act of walking. Assotiiated with this 
ataxia and with the weakness of tlie muscles there are frequently drop- 
wrist and dnip-foot, so that the patient exhibits the stepping gait 
already described as occurring in alcoholic neuritis. 

There are also sensory symptoms consisting of numbness in the ex- 
tremities, disturbance of sensation both of touch, temperature, and pain 
and of the muscular sense and delayed sensations of pain. Shooting 

‘Neurolog. Centralbl., 1898, p. 47.5. 
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pains are sometimes felt, but are not very prominent and there is 
rarely tenderness along the nerve trunks. Tt* the paralysis is not so 
extreme as to sus|XMid alt movement, a tremor is not unconuiionly ob- 
servefl in the motions of the liugcirs. The tendon reflexes are lost and 
meehauical excitability of the muscles disappears ; a rapid atrophy 
with reaction of degeneration develops in the paralyzed muscles. 
Paralysis of both sides of the face may occur. 

In a still more severe tyjie of case, either soon after the onset or 
after the jairalysis has been present for several weeks, bulbar symjv- 
toms may appear, with great difficulty in swallowing, atrophy, and 
weakness of the tongue, spiisms of coughing (which may Ix! danger- 
ous), weakness of the face, and paralysis of the v«M!al cowls. Sucli a 
complic-cition is extremely grave, as the patient may die of respiratory 
]>aralysis, of suffocation, or of pneumonia due to the inhalation of AhmI. 
This occurs in 10 jMjr cent, of the cases. The onset of the paralysis 
may occur within a wtKjk of the infection or it naiy be delayed for 
several weeks. In llothe’s csises the paralysis develojHsd in the major- 
ity in the second week, but in a few over forty days ha<l elapsed 
betwtien the initial symptoms and the development of jiaralysis. 

Diphtheritic paralysis is not by any means confinetl to childwai, but 
occurs in adults and even in old ptiople. Not infrequently it is impos- 
sible to asc!ertain a definite history of diphtheria, and a veay light 
athick of diphtheritic sore throiit may be followed by a severe attack 
of diphtheritic jraralysis. The ocemrrenee of paralysis of the throjit 
and eye muscles and a marked ataxic comlition of the limbs enable 
one to make a diagnosis, even in cases whei'c no soi'c throat has 
occurred. 

Prognosis. — The prognosis in diphtherltits psindysis is good, pro- 
vided the condition is limited to paralysis of the throat, or of the eyes, 
or to a general diphtheritic ataxia. If, however, a true paralysis of 
the muscles of the limbs ensues; if the respiratory muscles are affected, 
or if the pneumogastric nerve is invatlcd, causing fmpieiKy of the 
pulse, the prognosis is very stirious. 

Treatment. — The treatment of diphtheritic paralysis is that of 
multiple neuritis. The danger.of inhalation of foo«l or of inn)erfec;t 
nutrition from difficulty of swallowing is not to be f<)rgotten, and in the 
extreme cases it may be well to fiicd the patient with a stomai-h tube 
rather than to allow them to attempt to swallow, if this be productive 
of fits of choking and coughing. Inasmuch as all effort seems to in- 
creast? the severity of the symptoms, it is well that thest) jmtients 
should be kept in lx*d as long as there is any difficulty of motion. 
Strychnine is of a great deal of servicse in the ti'eatmcnt of diphtheritic 
psiralysis. It was for a time supposeil to be a s[)ecific for the disease, 
but this was at a time when the lesion was thought to be centnd. It 
is not to be used in very large doses, of a grain every three hours 
being sufficient for an adult. It has not seemed in my exjxricuce to 
shorten the duration of the paralysis. 

The following cases are go(Ml examples of the owlinary type of 
dijflitheritic paralysis : 
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Male, two and a half years of age, sufici-cd from measles during the 
month of January, 1894, and on the first of February developed symp- 
toms of diphtlieria. This ran its ortlinary coui-se, though it was nec- 
essjiry to perform intubation and the tube was retained' about one week. 
He then gra<lually recovered and after a week appesired to regain his 
ordinary strength ; his apjwtite improved, and he could stand and run 
about. On the 20th of March he was suddenly seized with paralysis, 
which within two days had betiome most extensive. lie then had ex- 
treme strabismus due to a paralysis of both internal recti. There was 
no paralysis of the face, tongue, or palate, and he could talk well ; but 
there was complete paralysis of the muscles moving the head and of 
Imth arms and both legs, and of the body. He was unable to sit up, 
to move his head, or to move any of the extremities. There was no 
knee-jerk. There was no disturbance of the bladder or rectum, there 
was no pain or tenderness ; but respiration was difficult and his pulse 
was 140. On the 24th of Marcdi lie die<l of respiratory pamlysis. 

A boy aged thirteen years, after an attack of diphtheria develo|)ed 
paralysis of the soft palate. One week after the paralysis of the pal- 
ate he noticed a disturbance of vision which proved on examination to 
be due to a total paralysis of all the muscles of the eyeballs. The 
pupil reflex to light was presor^'e<l ; but tliere was no reaction in ac- 
commodation. This jiaralysis of the eyeballs (same on within twenty- 
four hours, and at the ssime time he developed a veiy marked degree 
of ataxia. He swayed in standing with eyes closed, and his gait was 
exactly like that of a well-marked case of tabes. The motions of the 
hands were also disturbed, and all the tests demonstrated an extreme 
degree of ineooiilination. The knee-jerks W'ere lost ; the skin reflexes 
were present. In addition to the ataxia there was actual weakness of 
the muscles, whicli was more evident in the arms and hands than in 
the lower extremities. He had formication in tlie legs, but not in the 
hands, and there were no lightning pains. He had great difficulty in 
swallowing solids as well as liquids, M'hich seemed to point to some in- 
volvement of the muscles of deglutition as well as of the soft pidate. 
This condition remaimsd stationary for about thi'ee weeks, and then all 
the symptoms began to pass off gradually. His recovery was not 
complete until six months after the onset, 

A girl, aged thirteen years, after suffering for a few days from a slight 
sore throat, found herself unable to sec clearly bmuisc of the develop- 
ment of a paresis of accommotlation. There followed a slowly pro- 
grcssing ataxia of the upi)or, and later of the lower, limbs, with un- 
certain gait, disturbiince of touch, pain, temixirature, and muscular 
senses, with delayed stmsation of pain and loss of tendon reflexes. At 
first slic felt shooting pains in the limbs, but later these ceased. There 
Avas at no time teudemess of the nerves to pressure. After three 
months bulbar symptoms appeared, ati-ophy with paresis of the tongue, 
difficulty in swallowing, spasms of coughing, weakness of voice, and 
paralysis of the palate. The muscles of the hands began to atrophy 
about the time that the bulbar symptoms commenced and soon Avere 
useless. In the atropflic muscles the faradic reaction Avas absent, the 
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galvanic much reduced and very slow. Nine mouths after the onset 
she died of pneumonia. 

The autopsy showed the brain and spinal cord to l)e normal. In 
all the peripheral neiwes of the extremities, as well as in the hypo- 
glossal and recurrent laryngeal nerves, well-marked atrophic degenera- 
tion was found, with destruction of axis cylinders and medullary 
slumths, and with thickening and increase of nuclei in the connective- 
tissue sheaths.* 

MULTIPLE NEUBITIS SUBSEQUENT TO THE OBIPPE. 

Severe attacks of neuralgia accompany or follow the grippe in about 
15 per cent, of the cases, and are au evidence of direct action of the 
poison upon the nerve trunks. Thus trigeminal neuralgia, occipital 
neuralgia, intercostal neuralgia, and sciatica frequently develop and 
sometimes run a very severa and long course. They are ocMjasionally 
bilateral and symmetrieal, which is rare under other conditions. 

Many cases of local neuritis appearing in one or in stiveral nerves 
in the body at once have been observed after the grippe. Any of the 
cranial or spinal neiwes may be involved. 

It is not uncommon for such a neuritis to attack symmetrical nerves 
on both sides of the body. Thus I have seen Iwth peronei affectwl, 
both ulnar nerves affected, both median nerves affcchnl, and the brach- 
ial plexus affected on both sides. In all these cases the neuritis ran a 
typical course. 

Drainer,* Eemak,® and Bernhardt* recortled cases of multiple neuritis 
accompanied by acute ahixia following the first epidemic of influenza, 
1890. Mills,® Buzzard,® Eisenloch,^ ^vage,® and others subsequently 
reported cases of multiple neuritis with sensory symptoms and Avitli 
paralysis without ataxia, and various writers, in confirming these obser- 
vations, have described cases in which the cranial nerves of one or 
both sides, the ocular nerves, the facial nerves of one or both sides, 
and the palate have been involved. In a few (sises oedema in the 
limbs has been noticed as a prominent symptom. These cases have 
developed within one or two weeks of the attack of influenza, have 
reached their height about one month after the attack, and have re- 
mained for many mouths. A few (iases with rapid recovery within 
two mouths have been seen. There are no particular features to dis- 
tinguish these cases fmra the ordinary types of neuritis, and there is 
no special treatment for them. 

*Kast. Dent. Arch. f. klin. Med., 1886, Bd. xl., S. 41. 

•New York Medical Record, 1890, p. 239. 

’ Berliner klin. Wochen., 1890, p. 181. 

‘Ibid., p. 643. 

‘Boston Medical and Surgical Journal, 1892, pp. 349, 405. 

•Transactions of the Pliiladelphia Medical Society, 1892. 

’Neurolog. Centralbl., 1893, p. 380. 

•Journal of the American Medical Association, July 24, 1897. 
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MULTIPLE NEUEITIS SUBSEQUENT TO VAEIOUS INFECTIONS. 

It is still somewhat a matter of conjecture whether cases of paralysis 
following typlioid, typhus, ami malarial fcvei-s are due to an affection 
of the jHiripIicral nerves or of tlie spinal cord. The reseiirches of 
Pitres and Vuillard * have shown that extensive degeneration of 
{)cripheml nerves is to be found in the bodies of patients who have 
dicnl of typhoid fever, and they have also demonstrated tliat these 
fevers are often followed by local neuritis as a sequel. Cases of mul- 
tiple neuritis with autopsies have not as yet been reported after typhoid 
or typlius. It is so common in severe cases of these diseases to use 
alcoholic stimulants as a remedy tliat it is not impossible that in some 
of these cases the real ciiuse of the disease was alcoholic poisoning. In 
several hospitid cases whlcih I have seen tliis has been undoubtedly the 
cause of the supjjosed j>ost-typhoid neuritis, the symptoms being iden- 
tical with those occurring in alcoholic cases and including cerebral 
symptoms, delusions, and loss of memory. Hence great airc should 
be taken in reaching a conclusion that any post-typhoid case is resilly 
due to the infection, although all writers on typhoid emphasize the pos- 
sibility of multiple neuritis as a S(;que1. 

liuzzard recorded * two cases of pjiralysis following malarial fever, 
in which all the symptoms pointed to an affection of the pt^riphcral 
nerves. In this country Gibney has descrilwid several cases of paial- 
ysis of the extremities, of sudden onset, rapid course, and prompt 
recovery under large doses of quinine, whicli he consideml malarial. 
The following case, seen with Ilolt, was of this natun! : 

A healthy boy, aged ten years, was suddenly stsized with a cliill and 
fever and with pains of a severe kind in both legs, asst)ciatcd with 
weakness so that he could hui’dly stand. The pain was referred to 
tlic sciatic nerves and was accompanied by numbness and tingling of 
the feet and kgs. There w'as marked tenderness both in the course 
of the sciatics and in the musedes of the thigh and leg. There was loss 
of tendon reflexes, preservation of skin reflexes, and marked paresis in 
all the muscltss of the l<!gs, so tliat he requiiwi help in walking. 
There was no ataxia and no incontinence of urine. The symptoms 
lasted about twenty-four houra and then decreaseil in severity during 
the following day, but miuri’ed on the third, and, after a remission, on 
the fifth day, Avith lessened severity. The ixiriodicity of the affection 
and the rapid cure under quinine left no doubt as to its malarial 
nature. During the third day, at the time avIicu I saw him, there was 
redness along the course of the sciatics and in the region of the right 
median nerves and extreme tenderness along these nerve trunks, in 
addition to the symptoms mentioned. The electric condition was, un- 
fortunately, not tested j but in Wcstphal’s case faradie contractility 
was totally abolished during the attack.^ In this case the active mani- 
festation of the malarial piisoniug was by general neuritis. In Buz- 

‘Rev. de M&l., 1885, p. 980, Des Ndvritos peripheriques. 

■ * ParalysU from Peripheral Neuritis, p. 104, Loudoo, 1886. 

•Ncurolog. Centralbl., 1885, p, 187. 
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zard’s cases the malarial attacks preceded the nervous affection. The 
tenderness in muscles and nerves left no doubt regarding the peripheral 
natui'e of the disesise. 

I have recently seen a very severe case of general neuritis with total 
paralysis in both arms and legs lasting many months, and paralysis of 
the diaphragm which lasted for two weeks and was attended by rapid 
pulse and great exhaustion. In this (5ase the only cause ascertoinable 
was an attack of severe dengue fever which immediately precxsled the 
paralysis. The patient was an engineer and contracte(l the disease in 
South America and was brought to New York with grait ditticulty. 
He had cerebral symptoms for some weeks at the height of the disease. 

Neuritis following variola is a rare <!omplication, an<l the following 
case is the only one on record in which an autopsy showed tlie lesion 
to bo a multiple neuritis : 

A young man had varioloid in November, 1881, and while con- 
vahiscing, six weeks later, began to suffer from sevei'e pains in his four 
extremities, es|)ccially iu the joints of his arms, which were diagnosti- 
cated as rheumatic, although there was no fever. S<m)u after there 
followed a true paresis, witli progressive atropljy of the muscles of the 
forearms and legs. The muscles at the same time became very tender 
to touch or pressure. The tendon reflexes were much diminished. 
Resiction of degeneration develoiMnl iu all tlie paretic muscles. The 
piiins in the joints and limbs continucnl, but were less severe tlian at 
the outset. Tlie sensibility of the skin was about normal. The nerve 
trunks were tender to pressure. Profuse, offensive perspiration in all 
four extremities wjis a distressing symptom. There wjis no tendency 
to l)ed-8ores, but an extensive pemphigus developed in tlie legs, and 
then tlie pains became more severe. The patient died of pneumonia. 

Autopsy showed the brain mdematous and the (!ord in a state of 
hypostatic congestion. The pathological changes of importance were 
found in the nerves and muscles. The majority of tlie nerves of 
all the extremities were found in a state of degeneration and atrophy. 
There was marked degenerative atrophy and fatty degeneration of the 
muscles.' 

Sciarlet fever,* measles,* whooping-cough,* and mumps have been 
known to be followed by neuritis, both local and multiple, but the 
cases are so rare as to recpiire only a mention. 

Multiple neuritis following erysipelas or of septicsemic origin has been 
reported by French® and German® authorities. 1 have seem a severe 
case in which the only cause found was a loiig-continucHl suppurating 
tooth. This patient had a continucxl fever during the early part of the 
disease. Bury* reported a case iu whicih an infected wound of the 

*P. Opocco, Milano. Centralbl. f. med. Wissen., 188.5, p. 09.3. 

’M. J. Uassette. Journal of Nervous and Mental Diseases, 1892, p. 461. 

® Allyn. Medical News, 1891, p. 017. 

* Leroux. Alljf. Wiener med. Zeitsch., 1898, Nr. 29. 

‘ Charcot. Bevue ncurologique, 1893, Nr. 1 et 2. 

•Gerhardt. Deutsche med. Woclien., 1898, p. 14. Kraus, Wiener klin. Wochen., 
1897, Nr. 40. 

’ Ross and Bury. Peripheral Neuritis, p. 291, 1893. 
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finger gave rise to secondaiy abscesses, and then multiple neuritis dc- 
volopeil. 

Both lo(!id and multiple neuritis have been known to develop subse> 
quent to attacks of gouorrhoja. They have no special characteristics. 

German ' authors have described many cases of so-called puerperal 
multiple neuritis ; cases that appeared to be of tlie infectious type and 
due to scpticsemia following abortion, miscarriage, or delivery. Tliese 
cases are not to be confounded with tlie local neuritis of the sacral 
plexus consequent upon compressiou of tins plexus during labor, nor 
are they to be confounded with cases of myelitis consequent u^wn 
ansemia of the spinal cord subsequent to confinement. The cases re- 
corded by the Germans have been of general widespi’cail multiple neu- 
ritis of die septic type. Such cases have not been observed in this 
country, and in the large material at the Sloane Maternity Hospital 
there is no record of multiple neuritis occurring in the course of preg- 
nancy or after labor. Cases of neuritis developing during pregnancy 
and traced to the exhaustion following long-continued vomiting are not 
unknown,^ but are not of the septic type. 

LEPROUS NEURITIS. 

Multiple neuritis occurring in lejirosy is a very rare aflection in this 
country, but is of some interest on account of the fact that it is the 
only form of neuritis in which the bacillus of any disease has been 
found in nerves. This bacillus loc;ates itself entirely in the interstitial 
tissue of the nerve trunks within die sheath, in the perineurium, and 
by its direct irritation piodtices hyperplasia of connective dssue. This 
causes a compressiou of the nerVe fibres and a secondary degeneration 
in them. Here and there along the course of an affected nerve are 
found small bulbous enlaigemeiits where die connective tissue is jiar- 
ticularly thick. The changes in the nerves themselves arc those of 
simple degeneration. The lesion is due to the direct effect of the 
bacilli and is not secondary to any infection or any poisoning conveyed 
to the nerves through the blootl. For this reason it is a Iwalized neu- 
ritis, but is multiple in its character, inasmuch as very many of the 
terminal branches of the filaments of the nerves are involved. (See 
Plate X.) 

Symptoms. — The symptoms of leprous neuritis are the gradual 
development of irregular areas of anaesthesia, the occurrence of par- 
alysis and atrophy in the peripheral parts of the limbs, and the pro- 
duction of trophic disorders. The anaesthesia is extremely irregular 
in its distribution, depending wholly upon the branches of the nerves 
which are affected by the disease, irregular plaques of anaBsthesia 
appearing here and there upon the hands and feet or upon the foi’earms 
and legs, and on the trunk, and not infrequendy upon the face. These 

* Moebius. MQnchener med. Wochen., 1890, Nr. 14. Mader, Wiener klin. Wochen., 
1806, p. 537. Jolly, Arch. f. Psych., 1897, p. 650. 

’Sticfel. New York Polyclinic, 1893, March. Steinbo, Deutsche med. Wochen., 
1895, p. 461. 




PLATE XVII 



Cross-section of Sciatic Nerve in a Case of Leprous Neuritis. 

( Marchi stain. | 

The degenerated nerve fibres in the various bundles of nerves are stained black. The 
inflitration of the perineurium and epineurium with granulation celts, not shown by this 
stain, has forced the bundles apart. 

(Flatau, Spec. I’athol. u. Therap., Nuthnagel. Hd. xi., Taf. viii.) 
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antesthetio areas do not, as a rule, correspcjud to the distribution of 
any one nerve, nor are they symmetrical, as in ordinary cases of mul- 
tiple neuritis; but are extremely irregular. They are attended by 
numbness and tingling and burning sensations or a pjiin of slight de- 
gree. The loss of sensibility may affect toncli, temperature, and pain- 
ful sensations equally, or any one of these may be affected alone. A 


Fio. 99. 



Atrophy niid trophic chnnKcii In hsind and Anger* In n rare orieproii* neiirttl*. 

loss of pain and tenqjeratiire stmses, while touch is preserved, is not 
uncommon, heutte tlio distiase has Iteen mistaken for syringomyelia. 
The jmralysis is usuiilly found in the very small muscles of the hands 
and feet, but may extend to the longer muscles of the extremities, and 
not uncommonly a few of the facial muscles are ptvnilyml. A pro- 
gressive atrophy occurs in the paralyzed muscles, with reaction of de- 
generation. There is a loss of mechanical excitability in the mustdes 
affected. The trophic disturbances pre.sent in the disease, viz., whitish 
colored plaques on the skin, peculiar thickening or ati*ophy of the skin, 
the glossy surface, the ulcerations, and the gradual loss of subshincici — 
are to be regaixled rather as a part of the disease leprosy than as evi- 
dence of the local affection of the nerves. 

Fig. 99 illustrates the condition ocwisionally resulting fmm an ex- 
treme condition of anaathetic leprosy, the photograph being taken fn)ra 
a patient seen by me in consultation with Piffai^ — one of the few 
cases of the kind seen in New York within the pjist twenty years. The 
ends of the thumb and forefinger had l)een ero<led. 

The disease is a slowly progressive one and treatment appears to be 
of no avail. 

The differential diagnosis between lepra aneesthetica and syriiigo- 
myelia is sometimes somewhat difficult, as the trophic disturlmnccs, 
aneesthetic areas, and muscular palsies of irregular distribution occur 
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in both diseases; but the distribution of the anaesthesia is usually 
greater in syringomyelia and begins in (if it is not entirely limited to) 
the upper extremities. White plaques are not common upon the skin 
in syringomyelia. Bulbous swellings upon a nerve trunk are not felt 
in syringomyelia, while in lepra anaesthetica there is an absence of 
those symptoms of spastic paraplegia, disturbance of the bladder and 
rectum, and increased reflex activity of the legs, which are commonly 
found in syringomyelia. 

Refercn<.vs may be made to the articles of Schultze,* Dehio,* Zam- 
baeho,® Tiiiehr,* and Blaschko.® 

’Dcntsclu! Arch. f. klin. Med., 1888, IM. 4.3. 

*St. PcterKl)iir){ \Vochcn.,1889, No. 42, and 1890, No. 48. 

* Vcrhandhingcn dcs intcmationalc wiasenHcliuftlichen Lepra Conferenzes zu Berlin, 
October, 1897. 

‘Arch. f. I’Sych., Bd. xxx., 323. 

‘Die Nerrcnkranklieitijersckeiniingcn dcr Lepra, Berlin, 1899. 



CHAPTER XI. 

EPIDEMIC MULTIPLE NEURITIS?. 

BEBIBEBI OB KAKKE. 

In 1882 Professor Scheiibe, of Tokio, Japan, called the attention of 
Europciau physicians to the existence of a peculiar afleetion prevailing: 
among the Japanese.’ It was called kakke, from the two Chine.se 
wonls — kiakn, meaning legs, and ke, meaning dis«‘a.st“. It had hesm 
known among the Chinese for centuries, being mentioned by name in 
Chinese medical books written 200 U. C., and lully di.scnsse»l by an 
eminent author in (540 A. D. It eciisiul, however, to prtsvail in (Jhina 
about two luindrtHl years ago, and of late it is found chiefly in Japan. 
There its importance is consulerable, since it is so provalent that in 
1877, 14 per cent, and in 1878, 88 per cent, of the men serving 
in the army suffered from it. It is consi<lered a miasmatic! infectious 
disease by Schenbe, although Takaki cousideml it due in some way to 
the diet of rice and fish. Bniddon hiis pointed out that : every t)eri- 
beric! in the Orient is a ricc-eater; that persons on rice-fn*e diet do 
not get beri-beri ; tliat the importation of inachiu(!-niilh>d rice into any 
part of the world is follcjwed by l)eri-beri ; that the usd's of home- 
milled rice do not get beri-beri ; that if from any cau.sc! the home 
supply is e.xhaustcd, beri-beri will break out on tlu! importation of 
machine-milled rica;. Hc!, tlierefore, <!oncludc*s that lH!ri-l)eri is diu; to 
a saprophyte in the rice pericarp which invades the dcjad decorti(!atcd 
ricse-grain or aleurone. 

In the primitive preparation the rice is husked in a mortar and then 
boiled, causing the ])ericarp to adlicre to the sdeurone, but giving the 
rice a dull appearancie. The adhesion of the peric-arp j»r<!VC!nts the 
invasion of the aleurone by tlte toxic! agent, and rice so ])re])arc!d doc!8 
not cause l)eri-beri. But, on the either hand, a final step in the machine 
milling of rice is its being passed through leather judishers, thus re- 
moving the pericarp, wliose broken ])arts mix with the kernels and 
allow the toxic agent free access to the rice grain, a stej) which j>ro- 
duces a finer-looking grain, but a more dangerous article. 

It has been found that a toxin called “ arsin ” exists in the ])ericarp 
of rice, possibly of fungoid origin, and this can ciause beri-beri. If 
the rice is properly prepared or “ cured ” this is removed, but “ paddy 
rice ” not so ciured contains it and is the cause* of the disease among 
the Chinese*. Ccx)king docs not “cure” the rice. Since wiceat has 
been substituted for rice in the diet of some of the barrac:ks and prisons 

16 * Deutsche Arch. f. klin. Med., vols. xxvii. and xxxi. 
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in Japan the disease has been less common. It occurs in epidemics, 
but is always endemic in Japan. It rarely atbicks Europeans. While 
not contagious, the disease is transmitted by human beings, for out- 
breaks have occurred on islands formerly fnio after the landing of per- 
sons who were affected. It affects females rarely, only 9 per cent of 
the cases being in women ; and it is the youth of tJie land, between the 
ages of sixteen and twenty-five years, who suffer. Exposure to damp 
aud cold in crowded dwellings, such as barracks, iucrciises the liability 
to the affection. The majority of the cases occur during the hot, damp 
months, but some are always under observation. 

This disease is not, however, confined to Japan. It has Imjcd 
observed for many yesirs in the islands of the Pacific Ocean, espe- 
cially in the Philippines, in India, Ceylon, on the west coast of the 
Red Sell, in Borneo and New Guinea, in Brazil and Cuba, on 
the isthmus of Panama, and in the Dutch possessions in the China 
Sea.* It is there known under the name of beriberi. It is endemic 
in these n»gions, but <H!casi<>nally occurs Jis an epidemit;. An interest- 
ing account of siKih an epidemic, occurring in 1 882-83 in Manila, in 
the Philippine Islands, has been given by Koeniger.* It appears- that 
in the fiill of 1882 an epidemi<! of cholera occurred in Manila of such 
severity that 20,000 per8()n8, in a population of 400,000 were affecte<l. 
As a prcciiution against tliis disi'use the native population lived for 
sevend months exclusively ujwn rice, refusing to eat fruit or fish, 
which are their other chief articles of diet. As the epidemic was sub- 
siding a terrible eyedone devastated the city, destroying the light 
wooden houses, and leaving 00,000 families homeless ; and these poor 
pe*)ple were exposed for several weeks to the inclemency of the 
we{ith<‘r, which at this time of the ycsir Wiis rainy. A few days after 
the cyclone the epidemic of Ixiriberi began, and, as the disesise had 
never before apjxsared in Mimila, the unknown affection excite<l great 
alarm. This was increased by its fearful mortality, (»0 per cent, of 
the curly «iscs proving fatal. Europciins were exempt, with two ex- 
ceptions, aud the Chinese population did not suffin* greatly, but among 
the natives the epidemic Wiis widespread. Thus, in one suburb of 
Manila, of 25,000 inhabitants, 300 died in the course! of eight weeks. 
Men ami women were ecjually affected and jHirsous of all ages, excxipt 
young (shildren, were attacked. The disease terminate*! fatally in from 
ten days to five weeks after its onset ; but us time went on the propor- 
tion of recioveries increiised, and by the end of March, 1883, it had 
almost disappeare*!. The months from October to March are the dry, 
o^K)! season in the Philippine Islands, although the climate is tropical. 
Exposure to heat could hardly be cxinsidered a cause of this epidemic, 
but whether the exposure to cold and damp or the diet of rice or the 
transportiition of some infectious agent by tlie cyclone was the cause 
could not be determined. 

‘ B. Schculx'. Di»i(!a8e!i of Warm Countries, p. 190, London, 1003, where a complete 
literature is to be found. 

’Deutsclic Arch. f. klin. Med., xxxiv. 
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Sporadic cjuros of beriberi, or kakkc, occasionally appear in our 
hospitals, usutilly in the persons of Chinese or Malay sailors, or in the 
persons of travellers fram tropi«il climates who have Inxm exposed to 
the infection in the place from which they came.' In ISSl a Brazilian 
naval vessel entere<l San Francisco with a large numlwr of the crew 
affecte<l by the disease. They were sent to the United States Marine 
Hospital an<l attended by Dr. Hel)er8niith, who giive an interesting 
account of the circumstances Iciidiug to the development of the disesisc 
in the United (Hates Manne Hospital Jtepart for 1881. 

In 1886 a commission was appointed by the DuUdi Governnumt to 
investigsite the subject of its nature, and the published report contains 
the following statements.* The disease is caused by a mierobrganism 
resembling the bacillus of splenic fever, thougb somewhat smaller, 
which colors with fuchsia and gentian-violet, and cjin b(! scmti with 
a powisr of 560 diameters. These bacilli are fouml in the blocnl, lungs, 
heart, brain, coni, and nerves of the patients, and can be cultivated 
outside of the body. They are seen in pairs and can be separated 
from the (ierebro-spiual fluid in tlu! a<!Ute stsige of the disease. The 
germs infect wooden dwellings chiefly. They may be conveyed by 
articles of (dothing, and probably enter the body by the lungs. Direct 
contiigion has not been observed. A potent predisposing «uis(‘ to tlaar 
reception in the body and to the (hwelopinent of the dis<*4is(! is lack of 
nutrition, consequent upon exposurt; to damp and cold, and upon in- 
sufficient or bad food. This view is supported by the r<'c<Mit studuss 
of Hamilton Wright* who has ])roven that thcorgiinism givins cntriuico 
to the btxly thnmgh the alimentary canal and multiplies in the dno- 
<lcnum. Wheate^ affirms that the infection is always through a skin 
abrasion. It is probably a toxin from this microorgiU>ism which 
pwMluccs the neuritis, as in cases of diphtheria. 

Symptoms. — The cases of beriberi arc divided into two gciuTal 
classc's, ac<!ordiug to their siivcrity : 

There are, first, slight cases, in which the onsi-t is gradual, being 
usually precwled by a little fever, <!oryz!i, ainl (ionjuiuitivilis, which 
cc!(s<) when the aetuid symptoms commence. The patient first notices 
a loss of appetite, a dull oppressive! feeling in the epigiistrinm, naiis<!a 
and vomiting, a wesik and heavy fwling in the kgs, and finds that lui 
tires so easily that he cannot walk as mutili as usual. The fiitigiU! is 
8(K)n associated with numbness and p{)in in the legs, and with a slight 
cedematous swelling. Then, if not before, {Kilpitation of the lusii't, 
and general malaise are felt, and the patient finds it necicssiiry to apjdy 
for treiitment. An examination then shows some diminution of |M>w<!r 
in the feet and legs and also in the hands, with loss of tendon reflexes 


* Sejtuin. Medical News, Dec. 11, 1886. Bondurant, Jour. Nerv. and Ment. Dis., 
Dec., 1900. 

’Deutsche med. Woehen., Decemlxjr 9, 1886. See also ITaiadn, Neurolog. Ctm- 
tralbl., 1885, p. 326. 

‘On the Classification and Pathology of Beriberi. John Bale Sons, London, De- 
cember, 1903. 

*N. Y. Med. Jour., April 6, 1907. 
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and much tenderness in the luuseles, which show a diminished elwtric 
excitability. Th(*re is never any ataxia, tliough the patient sways when 
his eyes are closotl. There is dis<!overed a slight degree of anajsthesia 
of irregular distribution, chiefly in the legs and in the radial nerve 
region on the forearms. Though the patients look pale, examination 
of the blood does not show any marked anaemia. 

The circulation in the extremities is sluggish. The heart is irregular 
and rather rapid, and the oedema of the extremities indicates a failure 
of its power. Wallace Taylor* found that a sphygmographic tracing 
is characterize<l by a siaklen upstroke in ventricular systole, by a pre- 
cipitous descent from the apex of the jjenaisslon wave, and by dicrotism. 
Beyond this [mint these ciises, which make up die majority, do not 
advance. They usually recover in a few days, or at most a month, 
although a few become chronic and reipiire several months before the 
cure is complete;. 

There are, secondly, severe cases. These may present thra; dificr- 
ent types, tliough Wheate believes that these typ(;s are merely stages of 
the disease. There is, first, the atrophic or <lry type, in which, after an 
onset similar in nature to that in the slight cases, but much more 
rapid, the weakness develops into a true paralysis associated with 
luarkc^d wasting of the muscles and reaction of degeneration, with 
great diminution of galvanic excitability. Within a week the patient 
has to go to bed, au<l then the paralysis soon sprttads from the legs to 
the arms, and nuiy involve the trunk and even the livce. The entire 
muscular system wastes away until the patient is a mere skeleton. In 
addition to the motor symptoms there is great sensory disturbance. 
The suffering from pain, iwricsthesiie, and g(;ueral inusiailar tenderness 
is extreme, and the patient lies totally helpless and unable to tol(;rate 
the lightest touch. The skin may be glossy. There is usually some 
anffisthesia, but it is never complete, and it does not involve the trunk. 
The temperature sense is 8i;ldom affected. Pain may bo delayed in 
transmission. There are no gastric symptoms and no oedema. Some 
cases prove fatal from general exhaustiou or intercurrent disease, but 
the majority recover after a convalescence which lasts a year or more, 
during which the muscular system is rebuilt. 

There is, secondly, the hydropic or wet type. In these heart failiu'c 
appeal’s early and is associated with a nairked ilecrease of arterial ten- 
sion and muiili (edema of the entire body, tlie effusion into the cavities 
being tuldcd to that beneath the integument. The swelling of the 
(edematous parts conceals the atrophy which is going on in flic mus- 
cles, but this is indicated by the paralysis, which is as severe as in the 
pre<;(Hiing form, and it becomes evident during recovery when tlie 
(edema has subsided. 

There is, thirdly, the acute pernicious type. In this all the symp- 
toms of the two former types appear in rapid succession, and, in addi- 
tion, gastro-intestinal symptoms and a suppression of urine (ximbine to 
make the condition an alarming one. Effusions into the pleura and 

■ 'Studies in Japanese Kakke, by Wallace Taylor, M.D, Osaka, 1886. 
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])crit!ardium ap|)e.ir early. The pulse beeonies small aucl irregular, 
and cyanosis indicates the heart failure which precctlos death. There 
are no constant changes in the bloiKl, and leucocytosis has not been 
found. 

In this form the disease may run its course in two wc<*ks t») a fatal 
termination. This was the form which chiefly prevailed in Manila, 
the castw of the atrophic form Ixiiiig the ones which I’ccovcrcd. 

The severity differs much in different epidcmiics, tin* mortality vary- 
ing from 2 per cent, in Japan to (50 [xir cent, in Manila. It is usually 
not above J per cent. In all the forms there is some danger of a 
sudden heart failure, and this is usually the caus(! of death. 

Treatment. — As to its treatment, it may be nuiutiomsl that <pii- 
nine fails to influence its course and that heart stimulants to combat 
the diingerous complications, hypnotics to eountenuit the pain and 
insomnia, and general tonic treatment have j)R)ved of the greatest ser- 
vice. Change of climate is *)ft4!n attended by recovery. In tla; stage 
of I’ecovery electricity and massiige have been employed with advantage. 



CHAPTER XII. 


MULTIPLE NEURITIS ASSOCIATED WITH OTHER DISEASED 
STATES OF THE BODY. 

Multiple NciirilM and Rhuumatixm, Gout, Diabetes, Tiibcrculoeis, Syphilis, and Carci- 
noma. Multiple Neuritis of Unknown Origin. Senile Polyneuritis. 

The occurrentso of multiple neuritis in connection with certain other 
diseastjs has l)ecn observetl in so many ctises as to have leil to tlic 
hypothesis tliat there must he some causjil relation between the two 
conditions. The diseases in which neuritis develops are of a nature to 
affect the general health, to impair the nutrition, and to produce a 
constitutional disturbance ; but it becomes evident, from the fact that 
only a small percentage of the patients suffering from these diseases 
develop neuritis tliat some other isivuse must be active in conjunction 
with the disease. A congenital or acquired weakness of the nervous 
system is probably preisent in cerhiin individuals and predisposes them 
to this complicsition, when they fall victims to other affections. The 
disc:is(ts with which neuritis is frccpumtly a8S(x;iatc<l are rheumatism 
and gout, diabetes, tuberculosis, syphilis, carcinoma, senility, and 
artcriid sclerosis. 

MULTIPLE NEURITIS AND RHEUMATISM. 

Multiple neuritis is very rarely to be traced to rheumatism. The 
BO-ciillcd “ rheunuitic ” cases of the Germans arc? cases due to exposure 
to cold and do not present the characteristic symptoms of rheumatic 
fever and joint affections. In many cases of neuritis some pain in the 
joints on motion may 1x5 prcs(5nt, but it is very seldom that the red, 
swollen, aHlematous, hot joints of rheumatism arc found. A critical 
review of the cases of multiple neuritis supposed to be rheumatic* 
shows no conclusive evideixic of the coexistence of the two diseases. 
It is not enough to consider pain and tenderness about the rheumatic 
joint as evidence of neuritis when amesthesia and paralysis in the 
domain of these tender nerves fail to appear. Nor is it sufficient evi- 
den(!c of rlusumatism to find [minful joints in cases of neuritis without 
the constitutional effects of the disease. Hence it seems very ques- 
tionable whether we are justified in e^onsidering rheumatism as a cause 
of multiph; neuritis. It is admitted that local neuritis is not infre- 
quently pnaliKsed in the vicinity of a rheipnatic joint, as lu the cases 
fully d^^ribed by Bury.* Thus, in rheumatism of the ellww, the ulnar 

the cases cited by Steiner. Dent. Arch. f. klin. Med., Iviii., p. 240. 

.(\Mcdical Chronicle, June, 1S88. 


246 



MULTIPLE NEURITIS FOLLOWING GOUT. 


247 


nerve may become inflame<l, swollen, tender to pressure, and paralysis 
and atrophy of the iuterossei and thenar eminences may ensue, with 
aiiffisthcsk in the baud. So, too, peroiusal ueuritis may rcjsult from a 
rheumatism of the knee, I have seen stsvcral cases of this kind. In 
such cases there is a localized ueuritis due to extension of the inflam- 
matory processes dirtictly from the joint to the nerves passing over it. 
This cannot l)e considered, however, as a neuritis due to the state of 
the blood which produces tlic rheumatism. Furtlierinorc, an error is 
often made when the tender, stitf joints wliich develop late in the 
course of neuritis are termed rheumatic. In the later stjiges of alofn 
holic neuritis, when the tenderness of the skin and muscles and the 
pain produced by any motion have led the patient to keep the hands 
and fingers and toes perfectly fixe<l and immovable for wtHiks, an 
ankylosis of the smaller joints often develops, and this may l>e accom- 
panied by some thieskeuing of the articular surfiwies and is often 
attended by thickening of the skin over the knuckles, and by profuse 
sweating of tlie hands and feet. This may give rise to a condition not 
unlike tliat resulting from chronic rheumatism. It is not, however, 
rheumatic, but is the natural sequel of inactivity in a joint which is 
fixed, and is a trophic symptom of. ueuritis. 

It is evident, therefore, that it is a mistake to regard neuritis as 
a frequent result of rheumatism, or to cshiblish any causal ndation 
l)ctween the two diseases. In case the two diseases coincide or follow 
one another, esich should be treated separately. 

In the course of a case of chronic articular rheumatism or of 
chronic arthritis deformans, multiple neuritis may develop from any 
cause. I have seen several such cases ; but here, again, there is never 
any certain evidence of a causal relation between the two affections. 

MULTIPLE NEUEITIS FOLLOWINO GOUT. 

Neuralgia and localized neuritis in single nerves have been fre- 
quently observed as a complication of gout. Of late, English writtirs 
have called attention to the frequency of attacks of multiple neuritis 
affecting symmetrical nerves on both sides of the b«Mly as an occa- 
sional .sequel or accompaniment of this constitutional affection. Sciat- 
ica and brachial neuritis arc frequently traced to this cause. Buzzard * 
in particular, has descrilied several cases in which a sudden attack of 
pain and numbness in the hands has been followed by weakness and 
loss of faradic excitability in the mufsclcs of the hands and forearms, 
and in one ease this condition soon app<iarcd in the feet. These 
patients were gouty persons and aciutc attacks of gout had preceded or 
accompanied the nervous symptonw. Ebstein * and Grulx! * and Itomak * 
have published similar cases, and all agree tliat a direct relationship 

‘Buzzard. ITarveion Lectures, 1885, I.ancet, vol. ii., p. 983. Dyce Duckworth, 
Gout, London, 1893, p. 247. 

’Ebstein. Deutsche mod. Woehen., 1898, p. 489. 

’Gruiie. Muncliener med. Woehen., 1899, p. 23. 

’Bemak. Nothnagel’s sjxx^ Path. u. Then, vol. xi., Th. iii., p. 623. 
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between gout and neuritis is proven. A general peripheral neuritis, 
such as the form occurring after alcoholic poisoning or after exposure 
to cold, has not lieen observed. For this reason the following case, 
in which both pci'oneal and anterior tibial nerves were affettol and 
the smaller branches of the nerves in the hands were also involved, 
nuiy be re(!orded as of interest : 

The disetise began with a severe itching and burning sensation about 
the toti-nails and upon the dorsum of the right foot, which sejou devel- 
ojkhI in th(! left foot als*). This itching and burning sensatiou then 
extended up both legs to tlie knee, but was not at first attended by any 
change in th<! appejirancc of the skin, or by actual anajsthesia. After 
several remissions the symptoms became mon^ intense, and the burn- 
ing and itching were accompanied by tlie apjasirauce of a crop of mi- 
nute vesicles. The feet then became swollen, the skin became glossy, 
re<l, and extremely teiuler to the slightest touch, and the sen.sation was 
one of great pain throughout both lower (;xlrcmiti(!S. Any moist 
dressing u[)on the surfime intensified the pjun, but dry dressings or 
oily applications S(H*metl to give some rtdief. Large sctous blebs formed 
ui)ou the soles of the feet and about the toes, and there was consider- 
able eczematous exudation and a scaly apjaarance of the skin of tlm 
entire h?gs. After this condition had laste<l for three months similar 
itching and burning bcgtui in the hands about the fing(*rs with very 
marked, deep-seated j)araesthesia. Fine vesitsular pin-point elevations 
in the skin of the hands also appisired, but these did not go on to 
the formation of blebs, as in the feet. After two months the skin of 
the legs had Income thickened, cnickctl, and shiny with enists all over 
the surfiice, and when these had peeled off the surface Avas rc<l and 
very sensitive to light pressure. The nails of the toes were thicikcned, 
rough, 8triate<l, and black. It was said that they had not grown at 
all during six months. Tactile sensibility was diminishefl over Ixrth 
feet and Isith legs, but any touch was atten<lcd by great pain. The 
muscles of the fetit an<l legs had become extremely atrophied and Avere 
almost entiridy paralyzed ; no electrical examination (M)uld be made on 
am)unt of the extreme sensitiA'cness. At this time sciatica Avas com- 
plaine<l of as high as to the buttocks. The knee-jerks, at first exag- 
gcratcfl, Averc subsequently lost. 

When I siiAV the patient, a woman of about fifty years of age, seven 
months after the onset, she was unable to stand or bear her feet up<jn 
the floor, but the paralysis had subsided and she could move her ankles ; 
but eotild not moA'e her toes. There was very marked tenderness to 
touch oA’er Ijoth legs and upon both feet, and the tenderness of the 
nerA'es upon the soles of the feet was extreme. The skin of the feet 
Avas dry, scaly, and cracked. The nails Avere biidly discolored, ridged, 
and dark and n)ugh, excepting near the matrix, where a ncAV growth 
of nail, alwut one-half inch in depth, had begun. Any covering ap- 
plied to the feet caused intense burning and itching, so that she kept 
the feet entirely uncovered both by day and night. There was noth- 
ing ill the way of local treatment that relieved this itching and bum- 
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ing, though every form of lo(!iil application hiul been triwl. The b.ill 
of the foot was red, the rewt of the foot white ; but during an attack 
of pain the feet bmime scjirlet, or sometimes Imm^uhc veiy much more 
pallid tlmn usual. It was evident that the condition in the fet*t was 
that of erythromelalgia. 

There was a similar burning sensation and itching felt in the hands 
from time to time, but there was no appannit malnutrition of the skin. 

The p:iticnt came of a very gouty family and had many indications 
of the presence of gout, and all these symptoms gnidually subsided in 
the course of a year under trciutment directe<l exclusively to the g<nity 
stiite, namely, dietetic treatment and nlkali(!S given freely. The «H»al- 
tar products apjMjared to give some little relief to the local .symptoms. 
I have seen tlie patient several times in the past five years and tlicre 
has been no return of the affection. 

I have seen sevemi other causes that were quite similar to this in 
their symptoms and course and have no doubt that they <!au be chussed 
together as gouty neuritis. 

MULTIPLE NEUEITIS FOLLOWING DIABETES. 

Neuralgia in the course of diabetes is a very common occurnaice, 
and probably is an indication that the condition of the bhxxl in this 
disea.se prcKluccs an ira{)erfcct nutrition of the nerves. The lo.ss of 
knee-jerk ofiteii observed in this disease (.'10 per (ient. of ciuscss) supports 
this hypothe.sis.' The sciatic nerve seems to be the one more com- 
monly afftHited than any other nerve.* I have seen many »;a.s<^.s, an<l 
think it important to look for sugar in the urine in every en.se of .sei- 
aticai. Bruns luis called attention to the frcque.iicy of crund and obtu- 
rator neuralgia and neuritis in the course of diabetes, and Buzzard * 
has olwerved sevenil cases of hraeliiui ph'xus lumritis following dia- 
betes. In some cases the attacks of neuralgia have been bilatc^ral.^ 
In some ctises they have gone on to neuritis. Tins nervous .symptoms 
(*c<;urring in the course of dialxstcs may be not only neuralgic pains f)f 
a sharp, shooting <;hanw!ter, but also varimis forms of pancsth<>.sia, 
numbness, and burning sensations. Patients often complain of severe 
cramps in the legs, esjKicially at night, and the.se may precede or may 
accompany sciatica. 

Multiple symmetrical neuritis of exten.sivc distribution, not unlike 
that occurring after poisoning by alcohol, both of the paralytic and of 
the ataxic types, has been ascribed to dialxites, but is exceptional.* 
Several authors have describwl cases of so-<!alled neunitolxis peripherica 
dial)etica, which have resemblwl lo(!«)motor ataxia, but have gone on 
to recovery.® lu some of tliese cases the diagnosis from true tabes was 

* ZiemsHcn. Mttnchener med. Wochen., 1885, p. 618. 

’Auerbach. Deutochea Arch. f. klin. Med., 1887, p. 484. 

’Buzzard. Britiah Medical Journal, 1890, vol. i., p. 1421. 

’ Williamaon. Medical Chronicle, 1892, Novemlier ; Lancet, 1897, vol. ii., p. 138. 

’Pryce. Brain, 1893, vol. xvi., p. 416 ; alao Pavy, Lancet, July 9, 1904. 

*Leichtentrett. Inaug. Dia., Berlin, 1893. 
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difficult, especially as perforating ulcer of the foot occurred.* The 
tendency to gangrene in diabetes is not traceable to neuritis. The in- 
tensity of the neuritis, actsording to Gowers, is not related to the amount 
of the sugar in the urine. 

The prognosis is good in all these forms of neuritis, as they recover 
when tlie sugar disa|)pei)rs from the urine. 

The traatment will necessarily be directe<l to the original disease as 
well as to the complication. 

MULTIPLE NEUBITIS AND TUBEECULOSZS. 

Cases of multiple neuritis occurring in tuberculous patiemts reejuire 
some consideration. If a review of cases of multiple neuritis witli au- 
topsy be made it will be found that quite a number of the patients 
died of phthisis. There is little evidence to prove that the neuritis 
was due in tliese ceases to the tuberculous discnsc. No one has found 
tubercles in the nerve tninks in these eases, and bacteriological exami- 
nation has not demonstrated the presence of bacilli in the nerves. For 
this reason it is not possible to si)ejik of a tuberculous multiple neu- 
ritis. There is no doubt, however, that the existence of a grave con- 
stitutional affection may lead to such a general impairment of nutri- 
tion in the nerves, as well as in other organs, as to predispose such a 
patient to an attack of neuritis. Hence especial memtion must be 
mode of neuritis as a complication of phthisis. It should not be for- 
gotten, howevcir, that in phthisical patients who have used alcohol 
fn>ely the neuritis may owe its origin to this poison. Oppenheim * has 
rcporttid cases of multiple neuritis in tubercidous patients which went 
on to recovery. The following case died : 

A young girl who was suffering from phthisis took a severe cold and 
began to have pains in the joints, weakness, and numbness of tltc 
lower extremities. The weakness of the legs increased rapidly and 
was attended by rapid, diffuse atrophy. The same symptoms soon de- 
veloped in the arms. Four weeks after the onset partial reaction of 
degeneration was present in all the extremities, and a total jiaralysis 
of the legs and nearly complete paralysis of the arms were present. 
In the course of the disease!, which lasted five montlis, there was little 
pain, but great tenderness of the muscles and hypereesthesia of the skin. 
The sensation was diminished in the feet and hands, but this was 
slight in comparison with the motor symptoms. The paralysis finally 
attacked the trunk muscles and the diaphragm, while the beginning of 
rapid heart action was thought to indicate paralysis of the pneumo- 
gsistric nerve. Great prostration, delirium, incoutinence, b^-sores, 
and oedema of extremities, with fever, preceded death. 

A high degr(!c of degeneration of the peripheral nerves, including 
the phrenic and pncumogastric, was found at the autopsy, witli a mod- 
eratt! d^ree of atrophy of the muscles. Spinal cord and anterior 

‘R^yniond. Lemons sur Ich nialad. da syst. nerv., 1895, vol. ii., p. 331. 

’ZeitHch. f. klin. Med., 1886, p. 230. 
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motor roots were normal. The changes in the nerves were similar to 
those after section, viz., a simple degeneration of the fibres with some 
increase in the connective tissue, but there were no evidences of 
changes in the vessel walls, no intiltmtion with cells. Tlic nerVes 
contained very few normal fibres. The myelin sheiiths were found in 
all stages of destruction even to an entire abstuitMi of contents of the 
slicath of Schwann. Throughout the fibres fatty and griumlar nujsses 
were found. The sheath of Schwann did not, however, show an iu- 
cresisc of nuclei.* 

Such a case as this would have been ascril)cd, a few years ago, to a 
tuberculous spinal meningitis. It is not my purpose to dispute in any 
way the fact that many cases of paralysis occurring in the course of 
phthisis are due to lesions of the central nervous system aiul its mem- 
branes, but I desire to emphasize the fsict that a multiple neuritis may 
produce paralysis in tuberculous individuals, and the ini|)ort;uu!(! of 
appreciating this po&sibility (sinnot be too strongly urgisl, since the 
treatment, as well as the prognosis, will differ widely, according to the 
diagnosis made. 

It has been known for some time that locjil neuritis may complicsite 
phthisis, and the researches of Pitres and Vaillanl have confiriiMid this 
fact. They have dcscrilxjd (a) a latent neuritis in which lesions in the 
nerves were found post-mortem, but no symptoms had appcsired ; (/>) 
neuritis causing paralysis and atropliy in the muscles, and (c) neuritis 
with sensory symptoms only. They are inclined to astiribe many of 
the nervous disturbances arising in the course of consumption to an 
affection of the periphenil nerves ; and other writers have confirmed 
these views and have recorded cases in which all forms of cranial and 
spinal neuritis have apptiared. But here, again, the neuritis must not 
be termed tuberculous, as it has uotiiing characteristic of tliat affection 
in its pathology. 

MULTIPLE NEURITIS AND SYPHILIS. 

There has luHin much discuasion in regard to the existence of a 
syphilitic multiple neuritis. The a<hnitted frequency of sy])liilitic 
exudations in nerve trunks, especially in the cranial nerves and about 
the roots of the spinal nerves, and the admitted cixistence of gummy 
growths in the plexuses and in the nerves, and of sypliilitic endarteritis 
in the vessels accompanying the nerves have made it seem not improb- 
able that a true syphilitic multiple neuritis miglit occur. The preva- 
lence of syphilis has resulted in the development of multiple neuritis 
in many patients who were syphilitic, and this has also awakened the 
saspicion that syphilis might be the cause of the neuritis. The syphi- 
litic poison has been designated by some authore as the cause in these 
cases ; by others the efiTects have been Jiseribed to the post-syphilitic 
toxin which 8(>cms to play such a prominent part in the pnaluction of 
tabes. Cases have b^n reported in all stages of the diseast;. It is 
only in a few of the reported cases, however, that a true syphilitic 

‘Vicrordt. Arch. f. Psych., 1883, vol. xiv., p, 3. 
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multiple neuritis can lie admitted. In the tsases of Fordyoe,’ Spcll- 
mauu and Etienne,* and Fry,* the development of multiple neuritis in 
the course of the second staffe of syphilis, the accompsinying numerous 
syphilitic; deposits in the skin and jxiriosteum, and the rapid improve- 
ment und(!r antisyphilitic treatment give a certain prolmbility to the 
assertion that these csises were of sjKJcific origin. It must be acknowl- 
edged, howciver, that such cascis are extremely rare. At a disemssion 
at tlu! Is’ew York Neurological Society it was found that no one of the 
memlKjrs hud sc-en a ease of multiple neuritis undoubtedly syphilitic, 
and a review of the literature has convinced me that many of the aises 
reported as sudi were not actually due to tlie discjise. 

MULTIPLE NEURITIS AND CANCER. 

Auche * collectwl from the litemtiire and published a number of cases 
of luairitis develofting in the course of (Kcrcinonui, especially of the 
stomach. Some of these were local neuritis due to a direct extension 
of the carcinoma into adjacent nerve trunks. Others were general 
multiple neuritis in the peripheral branches. The lesions were found 
j)08t-mortem to Ixi of the tyjie of degeneration in the finer nerve fila- 
ments, not unlike those found by I’itres and Vaillard in tuberculous 
jiatients. In some of these raises no symptoms hail apj)cared during 
life. In otliers minor sensory symptoms were noticed : panestheshe, 
and aiuesthesiee, and pain. In a few cases the symptoms of a genenil 
multiple neuritis, typical sensory and motor paralysis developed. This 
was seen in casi!S of Miura and Eemak,® where the autopsy wnifirnuMl 
the diagnosis. In tliis connection it is to be remembered that proc- 
esses of degeneration are going on continually in normal nerves in a 
state of health, that these pi’ocesses are undoubtwlly intensified and 
regeneration is delayed in conditions of wasting distsise, such as tuber- 
imlosis and carcinoma, and also in senile conditions or where the cireii- 
latiou and nutrition are interfered with, as in states of extensive arterial 
sclerosis. Hence, it is not proixir to lay too much stress upon lesions 
of this kind found atlb'r death when no symptoms have appeared dur- 
ing life. And while “latent neuritis” may awaken interest as a 
pathological curiosity, it is of no importance to the clinician. 

MULTIPLE NEURITIS OF UNKNOWN ORIGIN. 

A wrlain number of cases of multiple neuritis develop after expo- 
sure to cold. A few develop after unusual exertion, and quite a 
number occur without any ascertainable cause. 

It is true that the more closely so-called idiopathic or siiontancous 
cases are scrutinized, in the light of our knowledge that a great variety 

* Boston Medical end Surgical Journal, 1890, p. 39. 

* Kevins neurologique, 1897, p. 28. 

•’Journal of Nervous and Mental Disease, 1898, p. 694. 

‘ Heviie de ni4d., Oetol^r, 189(K 

“Berliner klin. \Voclicii., 1891, p. 906. Nothnagcl’s spec. Path. n. Ther., Th. ii., 
p. 312, . 
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of cimses ai*c competent to produee multiple neuritis, the more likely 
we are to discover some caust!. Thus, many eases which have? Inien 
reported as idiojKithic can now be traced to tuberculous, carcdnomatoiis, 
gouty, rheumatic, or dialietic ctmditions known to exist in the |Kitients, 
but not formerly suppostid to have any causal relation to neuritis. 
There are numerous eases of “idiopathi<‘” neuritis which arc preeedt'd 
by severe gastro-enteritis. Is it not possible that an acute intoxication or 
ptomaine poisoning capable of ctuising the gjistro-intestinal symptoms 
may produtic a general neuritis? This question, which has (XHUirrwl to 
several recent writers on the subject, seems to Iwansweml attirmatively 
by such observations as are collected by liemak from nwent literature. 

It is possible that in some of the.se “idiopathic” C4v.se8 then! may l»e 
acute infection as the basis of the neuritis, inasmuch as soiiu! of the 
ca.ses develop with an acute febrile attack, a chill, tem|K!riitur(! rising 
to 102° or 104° F., and continuing for siivcral days witli the gen<‘ral 
manifestations of the febrile movement, a rapid pnlsc, nausea and 
vomiting, diarrhoea, occiisioually jaundice, malaisc!, catarrhal symptoms 
in the various mucous membranes, and a genend condition of aeut(‘ 
sickiuiss, such as is indicsitive of an infection. Remak ' has laid great 
stress uiH)n these spontiineous cases and has argued from the generid 
constitutional (listurbance that they are .always infe(!tiou.s. IIc! <!it(‘s 
castis by Strumpell, Ro.senheim, and Putnam, which were attciuhsl by 
a marked swelling of the spleen, in stipport of this hypothesis of infec- 
tion. I am inclined to agree with Raymond IS!)?) that very 

many ciises of paraly-sis hitherto :is(!ribed to spinal-cord diseasi!, but 
resulting in recov(!ry, are actually cjoses of this nature, such as tli<! 
ca.ses recently de.scribcd by Dana* as acute atii.xia, and many cases of 
so-called acute poliomyelitis in adults. 

Symptoms. — The symptoms ari.sing in these cases do not dilfcr in 
any particular manner from tlu! .symptoms occurring in alcoholic; nc-u- 
I’itis, though Schultzc is inclined to divide the cases into three; calcgoric's, 
ac<;ording to the prevalence of sensory, motor, <;r ataxic; symptotn.s. 
TIic gc;uc!ral description, therefore, of the symptoms of multiple; nc-u- 
ritis already given is sufficient for the.S(i cast's, and if the points that 
are mentioned under the head of diagnosis (page 201) .•!«; c'arefully 
c ousidertxl it will l)e po.ssil)le to .scpiii-att; thc'sc; ca.s<;s from other affec- 
tions prcKlucing st>raewhat similar .symptoms. The; (;c;rt;bnd nerves do 
not e.sc!ape in these case.s, and, in fact, any of the symptoms whic;h 
have already b(H;u considered under the heiuls c)f ah'oholic multiple; 
neuritis, arsenical multiple neuritis, and diphtheritic multiple neuritis 
may elevelop in the course; of these e;a.se8. In a few e!a8t:s optic; ne;uriti.s 
has been obst!rved, though, as already stated, this compliciitioii is nire. 
Sometimes psiinful swelling of the joints has Iwen noticed at the; 
be'ginning or in the course e)f the ciiscs of idiopathic; polyncuriti.s, and 
it has been a matter of discussion wheth(;r such jeunt affection was 
secondary to the neuritis or an independent rheumatic state. 

• NothniMiiel’s spec. Pathol, u. Therapie, Pel. xi., Th. ii. 

* Jonr. Nerv. and Meat. Dis., 1901, p. lOi). 
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Korsiikow * has affirmed that cerebral symptoms, such as have al- 
ready been described as otsciirring in alcoholic neuritis, namely loss of 
memory, or «lelusions of memory, or disturbanetis of memory, or even 
a state a])pi’oaching dementia, may develop in the course of these 
cases. I have never seen these psychical symptoms, however, in any 
but the alcoholic tyjics of the disease. 

SENILE FOLYNEUBITIS. 

A form of multiple neuritis occurring in old age and not produced by 
any of the known causes of neuritis, and not attended by any of the 
acute symptoms, has been obstsrved. This type of neuritis has been 
described chiefly by Opiienheim.^ I have seen several castis of this 
affection. Patients are usually persons over the age of seventy years 
and are often the subjects of arterial sclerosis. The symptoms develop 
slowly. Therts is increasing weakness, with numbness in the lower 
extremities, and then in the upper extremities j but the patients do 
not suffer from sharp pain or from tenderness along tlie nerves. Thera 
is a progressive condition of paresis, which is much more marked in 
the hands and forearms and in the feet and legs than in the proximal 
portion of the extramities, and is rarely attended by any symptoms in 
the nerves of the head, eyes, or face. In some cjiscs atrophy has at- 
tendctl the paresis and there has been a diminution in the contractility 
of the muscles to both currants. Knee-jerks arc lost. There is rarely 
any ataxia. Very frequently the general weakness le-uds to a tremor, 
which, however, may Iks considered as one of old age. In one case 
that I observed, where the neuritis occurred in a pei’son who had long 
suffered from chronic arthritis, the joints that had previously been stiff" 
and deforme<l became quite relaxed, so that very abnormal |)ositious 
could be given to the fingers and toes and to the wrists and ankles, 
without any jierception of pain. In this cjise there was a complicating 
gangrene of one leg. It remaineil for a long time after tlie symptoms 
of the neuritis had subsided an<l the {mralysis disappeared. The fixed 
deformity of the joints returned with the subsidenw! of the paralysis. 
In spite of their age, these patients do not always die of the disease, 
and may recover quite completely. Stein * has recently recorded a ca.se 
in which the mu.seles of the eyes were paralyzed for a short time. 

In the treatment of this form of multiple neuritis the importance of 
gorkl fooel should be remembereel, and the free use of stimulants may 
be required. 

‘Zeitsch. f. Psych., vol. xlvi., p. 47!), 1890. Arch. f. Psych., vol. xxi., p. 669. 

* Berliner klin. Wochen., 1893, p. 589. 

“Munchener moil. VVochen.,'1897, p. 463. 



SECTIOX 11. 

DISEASES OF THE SPINAL COED. 

CHAPTER Xlll. 

THE SPINAL BLOODVIKSEJ^S. 

Thk maiu arteries of the spinal cord are tlmw in nuinl)cr. They 
lie on the anterior and posterior surfaces of the orgsin ahtn}? its entire 
length. The anterior spinal artery is formed by the jdiMition of two 
vessels which arise from the vertebral arteries and it extends to the 
lowest psirt of the spinal coni. The jMjsterior spinal arteries also arise 


Fio. too. 



Scheme to show the eotime and dfatrfhutlon of the terminal branches of the arterial plexns of the 
pla mater, a. iNisterior spinal arteries; a. »pin, ani., anterior spinal arteries; a, ante* 

rior median fissure ; roc. an/., anterior root arterioa. (After Van Gehuchtcu. ) 

from the vertebral arteries, but do not often join. They pass down- 
wanl along the surface of the cord on ciich .side near the entry of the 
posterior spinal nerve roots. (Sec IMate VIII.) In addition to these 
main arteries there are a large number of smaller arteries, branches of 
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the intercostal arteries, whicli enter the spinal canal at the sides of the 
spinal nerves an<l are distributed to the antero-lateral surfaces of the 
cord, freely anastomosing with one another. These have been called 
anterior and posterior nwlicnlar arteries. They divide into ascending 
an<l descending branches and anastomose freely with the anterior and 
p4>sterior spinal arteries, making a sort of ai*terial network about the 
spinal cord from which numereus small branches penetrate the surface 
of the organ. Tlie number of the.se radicular arteries is variable, but 
they arc never pres(!Ut on all the nerves, every second or thinl uerve 
having an accompanying vessel. There is a fold of pia mater in the 
anterior fiasure of the spinal coni, and in this fold a large branch of 
the anterior spinal arteries is usujdly found running longitudinally. 
From this branch secondary branches enter the gray matter of the 
spinal cord and pass «lown in it, forming the central arteries of tlie 
coixl. Thus tlic supply of the gray matter and white matter of 
the cord is from different branches. Fig. 101 <lcmon.strate8 this dis- 
tribution. All of the spinal arteries which enter the coni are terminal 
arteries like the basid arteries of the brain ; that is, they <lo not anas- 
tomose. lleuee an emlwlus in a spinal ves.s<d always leads to an area 
of softening. The |)eriph(!ral s|)inal branches which penetrate the 
organ from its surface enter with the connective-tissue septa or with 

Fio. 101. 
s 



Tlic (liatribtition of the aatorior spinal artery and vein to the f(ray matter of the spinal coni. An 
Injected preparation. ( Adauiklcwica. ) 

the nerve roots. They supply the white matter of the cord, and their 
ternunal twigs rt'ach the edge of the gray matter and sometimes enter 
it, but they do not anastomose with the branches of the cicntral artery. 

The fine capillaries within the gray matter empty into veins which 
a<;company the central arteries and empty into larger veins whicli lie 
in the anterior fis-sure. The majority of the spinal capillaries, how- 
ever, empty into fine venous twigs which make their exit on the lateral 
ami posterior surfaces of the coixl where a venous network surrounds 
the cord. This in turn empties into lai^r veins which make their 
exit frfim the spinal canal with the spinal nerves, and thus reach the 
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v<!na cava. Others ascend to empty into the brandies of the jugular 
vein within the skull. 

While little attention has hitherto lieen paid to diseases of the spinal 
blooilvessels and to the results of endarteritis, it is probable that these 
play a large part in the production of various forms of sjiinal-cord 
disease. I have seen a number of cases of injury to the spine in which 
a sudden development of symptoms indicating a transverse total lesion 
were followed by a gmdual and complete recovery. 1 have also seim 
similar cases without injury. In these cases the only explanation of 
the symptoms possible was that a hemorrhage either outside or inside 
of the spinal dura had occurreil ; had produeed pressure enough to 
suspend the functions of the spinal coid ImjIow the lesion ; Imt had 
l)een graduidly absorbetl ; and as the pressure of the clot was removwl 
the spinal functions were resumed. Since the discovery of the char- 
acteristic symptoms of syringomyelia it has been possible to diag- 
nosticate hemorrhiiges within the gray matter of the (sord by the sud- 
den appearance of similar symptoms j ' and recent pathoh»gie4d study * 
srems to indicate that numy supposed cases of myelitis are really cases 
of softening in the cord <lue to thrombosis in disirased bhMklvesstds, 
and that some forms of schirosis may originate in obliterating emlar- 
teritis of the fieripheral vessels that enter the posterior and lateral 
columns of the spinal cord. It will be necessary in the chapters upon 
tabes and upon lateral sclerosis to call attention more jMirtieularly to 
endarteritis as a possible cunse of some eases of these diseases. 

•Win. Browning. Medical News, October 7, 1905. 

’ K. J. Williamson. Manchester Medical Chronicle, 1S95. 
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CHAPTER XIV. 

ANTERIOR rOLIOMYKLlTIS. 


Acute Anterior Poliomyelitis. Infantile Paralysis ; 8ix>nu]ic and Epidemic Forms. 

Chronic Anterior Poliomyelitis. Progressive Muscular Atrophy. Ascending Atro- 
phic Paralysis. 

Antkkiou poliomyelitis, infiintile spinal jiaralysis, acute atrophic 
paralysis, atrophic spinal paralysis, or regressive paralysis is an iieute 
disease, chiefly observed among children, but occasionally among 
adults, characteriztid by sudden complete loss of power in one or more 
limbs, usually in the legs, followed by rapid atrophy of the paralyztid 
muscles and by an imperfect growth of tlic limb alfetited, and attended 
by slight piiu, but not by any permanent stsnstrry disonler. Sporadic 
cases are constantly observetl. It mixy also occur in an epidemic 
disease. 

Etiology. — The disease occurs in both sexes with about equal fre- 
quency. There is no history of its being inherited. The following 
table demonstrates that tlxe age of maximum liability is lietwcen the 
first and fourth years, but children at all ages are liable to the disease, 
and it occurs in adult life : 

Table V. — Age of Onset.^ 

Ul year. 2(1. 3(1. Uh. SIh. mli. 713. 813. 913. 10/3. 

271 560 436 183 120 67 36 31 17 17 

The youngest case on record is mentioned by Collins in a chihl four 
days old. The youngest pjxticnt in my own rciionls was four weeks 
old. It has l)een noticed by all autliors since the time of Barlow 
(1878) that infantile paralysis develops most commonly during the 
warm stsason. This is especially true in England and in America, as 
is shown by Table VI., which demonstrates the mouth of the year in 
which cases dcvelojxid, as noted by Barlow, Cowers, Sinklcr, Col- 
lins, liovett, and myself. 

The disease has occurred in epidemic form in a number of different 
localities ; in every case during the summer. Colmer * first recorded 
tlie occurren<!C of the disxase in epidemic form, for he mentions that 
in a village where he saw 1 case, 1 0 other cases had developed during 
the preceding few weeks. Cordicr ® published an account of a;n epi- 

' Tile statistics in this chapter are made up from' the records of Sceligmuller, Gal- 
braith, Sinklcr, Gowers, Collins, Lovett and my own cases. 

* Arayrican Journal of the Meilical Sciences, 1843, p. 248. 

' Lyfn medical, 1887. 
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(leniic occurring near Lyons, France, in 1S86. lie Siiw l.'J castvs «le- 
vcloping during the months of June and July in a small town of 1,600 
people where in other yeare the disease liad been extremely rjirtf. 
Medin of Stm-kholm described an epidemic of the disease oecmrriiig in 
the months of August, September, and Ocjtober, 1 889, 4.‘1 cas«*8 having 
been observed by him <luring that time ; and llissler, who examine«l 
3 of these cases post-mortem, demonstnited that it was a true ante- 
rior poliomyelitis. Medin mentions that a small epidemic had oeeurretl 
in 1881 in the town of Umea in Sweden. Leeganl observed a small 
epidemic in Mundal in Norway in 1 890. 


, Table \'r. — Month of Onset, 



Harlow. 

Itowerr. 

Hinkhr. • 

AYtfrr,® 

Otttim, 

Lovett, 

Total. 

January 

. . 1 

1 

14 

5 

2 

8 

31 

Fel)ruary . 

. . 0 

1 

8 

2 

1 

4 

10 

March . 

. . 4 

i 

11 

9 

1 

5 

31 

April . 

Alay . 

2 

1 

21 

4 

0 

6 

23 

! ! 4 

1 

21 

5 

1 

0 

38 

Juno . 

. . 5 

11 

Cl 

10 

22 

13 

122 

July . . . 

. 10 

13 

109 

42 

77 

30 

293 

August. 

. . 11 

13 

124 

57 

109 

43 

3.59 

iSeptc!ml)er . 

. . 1 

15 

79 

41 

125 

47 

311 

October 

. . 3 

0 

45 

18 

35 

39 

140 

November . 

. . 1 

2 

12 

6 

10 

29 

(K) 

December . 

. . 2 

5 

12 

3 

0 

4 

20 


53 

70 

509 

202 

343 

'239 

1,4.50 


An extensive epidemic of the disease was described by Caverly * of 
llutland, Vt. It occurre<l betwmi .July 20 and Septemljer 20, 1896, 
in the Otter Creek Valley, within a radius of twelve miles of the city 
of liutland, and during the summer an unusual nunil)erof isolaOsl cases 
of the disease wc're observed through tlie State of Vermont. CViv<’rly 
reports 114 east's of various grades t»f severity developing both in eliil- 
dreii and adults, children below the age of six ytsirs l)eing the chief 
victinjs. I’ieraccini* observed a small epidemic near Flortanfc, Ittdy, 
and Medin® of Stockholm reported a second c|)id(‘mic in SttK'kliolm in 
the year 1896. Since that time many epidemitfs havt; bt'cn destTibed,® 
bringing the total number of recorded epidemics u|) to forty-six. 

The most severe epidemit! occurred in 1 907 in Ntnv York. It begiin 
about May. The mirnlMjr of cases inercasetl steadily during .June and 
.July, the height of the epidemic occurring in August and September. 
Cas<« continued to appear in Oebtber, and a few were re|M)rted in 
December. The epidemic was widespread, cases oiscurring not only 
in the city of New York, but also in Brooklyn, Long Island City and 
tlie Bronx. Some oases were also rcfjoi'ted on Staten Island, and many 


•Arch, of Diag., Jan., 1908. 

•Not including epidemic eases of 1907. 

•New York Mwical Record, December 1, ISS."!. 

• Lo Sperimentale, xlix., No. 27, Septcmlicr, 189.'>. 

‘Nortl. Med. Ark., 1890, No. 1. 

•Starr. Epidemic Infantile Paralysia Jour. Amer. Med. Assoc., July 11, 1908. 
Holt and Bartlett. Amer. Jour. Med. 8ci., May, 1908. 
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cases were seen along the Hudson River as high as Ossining, which is 
fifty miles from New Y ork. Cases were also reportc<l along the Sound 
at Mount Vernon, SUimford and Norwalk (forty miles from New 
Y"ork), and in some of the valleys of Connecticut within twenty miles 
of the Sound. Cases were not observed in New Jersey or in the 
suburbs of Newark. It is estimated that nearly 2,000 cases of the 
disease occurred during this epidemic, and the mortality was probably 
6 jier cent, to 7 jnsr cent. 

The summer, though a hot oue, was not unusually so j but it was 
unusually dry, the reports of the weather bureiiu showing that the rain- 
fall was I.IH inches in July and 2.48 inches in August, less than half 
that of previous years. Otlier infectious diseases were not particularly 
prevalent. 

In but few of the cases of infantile paralysis recorded ha<l there 
been any preceding infectious disease. Infantile diarrheal dis<‘ases 
were not noticed to be unusually common during the summer ; but 
attacks of diarrhea were known to precede the onset of the paralysis in 
many cases. It WiUJ not possible to trace in any of the cases in New 
Y'ork or in its vicinity any relation between drinking water or milk 
supply and the occurrence of the epidemic. The occurrence of the 
disease in epidemic form is excec<liugly suggestive of its infectious origin. 

The question of the bacterial origin of this inflammatory process has 
excited the grejitest interest during the past few years. Authorities are 
not iis yet agreed on this questuui. A number of ytairs ago Schultze 
deserilajd a ciise of anterior poliomyelitis in which he ha«l found a 
diplo(!Occu8 in the cerebrospinal fluid, and in isolated cases here 
and there through literature confirmation of this finding has been 
recorded. In the epidemic in Norway reported by Geirsvold a diplo- 
coccus was observed in a number of the cases. Ilarbitz and S<!heel * 
described carefully the jmthology of seventeen csises examined in this 
epulemic. They described the infiltration of the spinal pia with lym- 
phocytes more marked on the anterior surface of the coni and follow- 
ing the sheath of the central arteries and veins. They describe a very 
markinl condition of hyjM?remia, edema aiul exudation within the spinal 
cord and a marked cell infiltration in the gray matter of the anterior 
horns. They descrilMJ the infiltration of the vessel walls in the white 
substance with lymphocytes and a typical degeneration of the ganglion 
cells, but only in a few cases was there any evklence of the presence 
of miero<j(x;<!i. These were of the nature of diplococci, but w’ere not 
uuiforndy found. In the careful autopsies made by Wickman in the 
Swetlish epidemic the same conditions were observed and here again 
there was an absence of any uniform finding of bacteria. In eight 
autopsies careful cultures were token ; in four the result was negative, 
in one StnphyloooccuH albuo was found, and in the three others K aurem 
was discovcretl. These were considered- a.s accidental infections of the 
test-tulx's and not as CJiusjitive agents of the dis«iase. In the cases 

’Deiitsch. mod. Wochnsclir., 1007, No. 48 ; also The Jounial A. M. A., Oct. 26, 
1907, p. 1420. 
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examined in the Rockefeller Institute in the epidemic in New York 
bacterial investigation was alst> negsitive. 

While, therefore, tlic clinical history of the disease implies an infec- 
tion, it must be admitted that up to the present time the orgiuiism 
responsible for the diseiusi! has not yet been tliseovered and that it is 
still a matter of uncerUiinty whether the causative agent is a niien)- 
coccius or is a toxin. Tlie weight of evkleuce is, however, in favor of 
the latter hypothesis, lu a number of eases it strems as if contagion 
has been traced, but this is not yet proven. It is to be noUsl that 
the disease has bwin fre<ju<!ntly (observed in coniu*ction willi other in- 
fectious diseases. Thus it is an occiisional sc'quel of tliphtheria, menin- 
gitis, iiKfiLsles, pneumonia, scarlet lever, ami acute malarial poisoning. 
It has also apjM!are<l during an attiiek of furunculosis. 

Exposure to cold or to a sudden (diet^k of [uu’spiration has been suj)- 
posetl to be an exciting (Miuse in certain cases. I have seen sevend 
children who wen; attacked with infantile spinal paralysis snbsetpuint 
to long-continued batliing in cold water during summer. Trauma- 
tism is freciuently assigncsl as a cause by parents, and a few (rases are 
on recortl, which I can confirm by my own observations, in wharh tin; 
disease has developed immediately after a stsvere fall or blow on the 
back.* In some cases no cause can be diseovcixrd. 

The frecjuencjy with which the disciise appears in children who are 
Icraruing to walk, together with the fact that tla; symppuns an* locat(‘d 
mneh more commonly in tin* legs than in the arms, has krd to tlar sup- 
IK»sitiou that a fuiwrtional hyperremia of tin; cord in its lumbar rt'gion, 
due to ovenixerrtion, going on to a pathologicral congestion and hemor- 
rhage, may be an etiohjgical factor. 

Pathology. — There is first an active (songtrstion of the spinal men- 
inges and of the gray matter of the spinal coni su]>plied by the bninches 
of the anterior spinal artery. Fnmi the anterior sjnnal artery about 100 
branches are given off*, which (niter the cord horizontally at various seg- 
ments ending in the anterior cornua without anastomoses. Each branch 
sujiplies about half an inch of coni in length. Many groups of (rells are 
longer than half an inch and lumceare supplied by more than one branch 
of an artery. The bloodviissels are distended and some of the (;apillaries 
are ruptured, allowing extravasations of IiIoikI (xjIIs ; the perivascular 
spaces and the gray matter of the coni are filled with emigrating leimo- 
(lytes ; and there is a considerable exudation of serum. The s((rum 
fills the lymph spaces about the vessels and about the nerve cells; the 
leuc(K;yp!S infiltrate the tissues everywhere, duster almut tlu; cells, and 
make their way into the (iclls. This destriution of the (wills by leuco- 
cytes has l)een ttimuwl neuronophagia. There is !i great increase of 
small cells and nuclei throughout the neuroglia, which nmy Ihi due to 
a pndifenition of theneuniglia cells or of the endothelial elements, or 
may Ihi due to an emigration from the bloodvessels. This infiltration 
of the tissues with leucocytes and nuclei may be so intense as to 
obscure all other elements. It is thus evident that the bloodvessels 
* Lovett and Lucas. Jour. Anicr. Med. Assoc., Nov. 14, 1908. 
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and the neuroglia, as well as the giinglion cells in the gray matter 
ol‘ the cord, share in the pathological process. The changes in the 
motor neurtuics (ganglion cells) arc very marketl. All varieties of 
d(*genenvtive changes may he stren. The cell may have a cloudy ap- 
j)carauce and be slightly swollen, staining more deeply by reagents, 
tilt! chromophile granules appcsiring to be larger than in the normal 
cells, as seen by the Nissl stain, and the nucleus appearing granular. 
This is shown in I’latc III., B. A further stage «)f degeneration 
is shown by the tact that the protoplasm no longer absorbs stains ; 
the cell is swollen, has lost its shaqt outline, has a homogeneous 
ap))earance, and the nucleus is faint, as arc also the outlines of 
some of the dendrites. It is probable that in both tticse stages 
of degcnenition an arrest of the process and a gradual regenera- 
tion and a return to the condition of health with resumption of the 
function of the cell is iwssible. If the process of degeneration pro- 
ceeds beyond this point, however, no repair is possible, and the func- 
tion of the cell is forever lost. When degeneration has gone on 

Fro. 102. 



Acute anterior polioiuj'cUtiti. ])oath 10 days after ooscU Lumbar region. Distension of blood 
TesM'lsand altscnce of motor <^1 !b is seen. (Larkin.) 

beyond the stage last described the cell appears to be changed into a 
swollen, irregular, or spherical mass of material ; its pmtoplasm Iro- 
comes cloudy and its nucleus is not visible, if stained at all ; the chro- 
mophile granules have lost their regular arrangement in concentric 
rings about the nucleus, or in nidiating lines toward a ncunixonc, and 
die homogeneous mass is seen to be permeated with vacuoles, the den- 
drites having dropiHKl olf. (See Plate III., c, D.) In the last stage 
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the protoplasm shrinks, the cell body heiujf reduced very materially in 
size. It has lost its polygonal shajMj and become no larger tlian its 
original nucleus. It stains <leeply and has a gninular aj)i)eai‘anee. 
During the later stages of this dt^genemtion leiuroeytes may be ob- 
servccl penetrating the pericellular saaces ami encroaching upon the 
<X!ll hotly. Both in the dendrites and iu the neuraxone similar degeii- 
erative proceases may be observed iu progress, and they are dt'stroyed 
l)efore the (sell undeigoes its final degenenition. Plate III., 

K, P, (K) 


Fio. 103. 



Acute auterlor peliumyelitis. Some cam as FIk* 102. Higher power. The dUtcmhMl vcsmoIs, tho 
capillary hemorrhages, tho inflltratlon of the entire gray matter with small cells, and tlie dostruetiuu 
of motor cells is evident. Contrast this figure with Fig. 20, showing noniial upiHtaruncc at this 
level. (I.ArkiQ.) 

While in the majority of (»is(*s there is a parallel degns; of change 
in the interstitial tissues and iu the ganglion ceils, so tliat there is a 
slu'inkage and progressive destruction of the neuroglia as well as of 
the nerve elements, there are a few (sases in which the cellular deg(;neni- 
tion is attended by few changes in the interstitial tissues. The dcigrce 
to which various groups of (!clls are affecUHl varies gix-atly at diifitrcnt 
levels of the cord, and in some groups a larger numl)er of ceils may 
l)e affected than in others. The extent of the paralysis and ti»e degree 
of the paralysis in any one muscle will necessiirily dciKmd ujam tlie 
numljor of groups of cells affected and upon the number of cells de- 
stroyed in any one group. 

The result of the atrophy of cells and of the neuroglia is a gradual 
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shriiikugu of the cutire area of the anterior horn, leading secondarily 
to a collapse inward of the white columns surrounding the gray matter 
and of the nervous fibre issuing from the horn through these white 
columns into the anterior nerve roots. Ihere is also a degenerative 

Fig. 104. 



Acute nnterrior poliomyelitis scTcnil years after onset. Upper lumbar region. Dllltise degenera- 
tion In both anterior hums and central gray matter with liquefaction of tissue In the left anterior 
bom. (latrlUn.) 

atwpliy of fibres in the anterior nerves. Many of the cells in the 
anterior horns of the cord send their axones to the autero-latcral 
column, whertt tliey turn upward and downward to ptss to other levels 
and terminate in the anterior horn, thus serving to associate the action 
of different cells lying at different levels of the cord. These associa- 
tion cells as well as the motor cells suffer fnmi degeneration, and 
h(;nce there is a secondary degenerative proce.s8 in their axones, leading 
to a shrinkage and slight sclerosis in the antero-lateral column of the 
cord for a varying distance above and below the sc'iit of the lesion. 
The exfimt of the lesion in the gray matter varies in various cases. 
In some eases the pathological change is strictly limited to the anterior 
horn, l«‘ing pirticularly .severe in' its peripheral region. In other 
ca.ses the central gray matter which li(?s between the anterior and 
]K)sterior horns is also affected. It is in these latter cdises that the 
symptom of piin is marked in the early stage of the disease, and the 
growth of the limbs is interfered with in the chronic stage, the central 
gray matter of tlie coni having a closer relation to the gniwth of the 
tissues tlian other parts. 
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The majority of recent pathologists Iwlieve that in anterior polio- 
myelitis there is an acute inflammatory process limited to the domain 
of the anterior spinal arteries, involving both the neuroglia and the 

Fia. 105. 



Anterior iioliomyelitis. ■ llighcr power, aaiiiv euee lU Fig, KM, showing coiupietc absence of ceiis in 
the horn ; IiIwhI vessels and scar tissue remaining, and ilqurfuction of the tissue. The child's Ihigli 
and leg were atrophic and totaiiy paralyaeti. (Larkin.) 


ganglion cells, and resulting in degeneration and atrophy both ol‘ the 
interstitiiil tissue and of the ganglion cells.* A few observers, among 
whom Von Kahlden* maybe citol, still believe that Chiir(;ot was right 
in supposing that the degenenition is limited exclusively tt> the cells, 
and is not accompiinied by auy general inflammatory process in the 
interstitial tissues. In a number of cases the exfilanatiou of the origin 
of the process is found in a thrombosis of one of the brauches of the 
spinal artery or in a hemorrhage into the anterior horn. 

It is probable that in the enses that are <lue to infection the lesion 
is one of acute inflammation, such as we fiinl in other organs in acute 
inflammatory infectious diseases — c. //., the lung in pneumoiua, the 
joints in rheumatism. It is probable that in the ca.scs in which there 
is an onset without fever or evidence of an infectious {iroficss the lesion 
is a primary degeneration of the ganglion cells or is due to hemorrhage 
or to thrombosis in a spinal vessel. 

Symptoms. 1. Sporadic Cases. — The disease usually begins, like 

'W. B. Cadwaladcr. N. Y. Med. Record, Sept. 19, 1908, where full references 
will be found. 

’ Ceiitralblatt f. allgem. Putli. u. Path. Anat., 1894, vol. v., p. 729. 
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an acute infectious disciisc, with fever, sometimes attended by con- 
vulsions and delirium, sometimes by considerable j)ain in the back, 
body, and limbs; occasionally by digestive disturbances, vomiting, 
and diarrluBii ; sometimes merely by general malaise. The tempera- 
ture rises rapidly to 102° or 10.*!° F., and the patient msiy have a 
chill followed by sweating. The temperature rtmiains almut 101° or 
102° for several days, with slight morning nimi-ssion, then gradually 
sinks to normal, the entire febrile movement rarely lasting more than 
a week. Within a day or two of onset jjaralysis sets in. This may 
be in both legs, or in both arms ; rarely in one limb alone, or in all 
four extremities. If the chihl is young and is confined to bed by the 
fever, the paralysis may not be notice<l until the second or third day. 
In older children and adults tlie pjimlysis is well dcvelo|)ed within 
twenty-four hours of the onset. It is observed that infants cry a good 
deal during the period of invasion, and those who are old enough to 
complain .say that they suffer from pain in the back and in the affected 
limbs. This pain may remain for some weeks. Occjisionally there is 
some rigidity of the spine or neck, suggestive of meningitis, but this 
soon subsides. There is usually no disturbance of the bla<ldcr or rectum, 
although in a few cases retention of urine has been noticed for a few 
days. There is no tendency to the development of bed-sores or of 
trophic changes in the skin. There is no complaint of numbness or 
of panesthesia, and there is never any loss of sensation, but the limbs 
are sometimes piiinful upon any movement, esiMJcially in the joints. 

After the fever with its attendant malaise and digestive disturbances 
has subsided and the general health has been restored, tlujre remains 
a paralysis more or less extensive. This paralysis is usually more 
extensive at the onset than it is dcstintHi to be permanently. Thus 
tlic child may at first be completely hclple.ss, and later recover power 
in all but one limb ; or the trunk may be paralyzed at the onset, but 
not |jermanently affe(;tcd. lloth legs are commonly affected together, 
but the final paralysis is usually limittid to one limb. Occasionally 
the n(H;k muscles are distinctly weak, and there nuiy be difficulty in 
swallowing. This is st^en in cases in which the arms are paralyzed, 
and yet the final pandysis may aflTcct but one arm. The face has 
Ihh'ii paralyz(xl with the arms, and the ocular muscles also, but either 
is a rare occurnaice. In a numlwr of cases in which the final paral- 
ysis hits lieen limited to two or three muscles the original paralysis 
was widespread, involving all the limbs. The facts should be remem- 
bered in giving a prognosis in the early stage. Sometimes the onset 
of the piimlysis is not sudden, but there is a gradual increase during 
a week or ten days, then a stationary period, and then a regression. 
TIh; subsidence of the paralysis btsgins from a week to two months 
after the onset, and then goes on steadily, but it is not until after three 
months that it is quite possible to determine what muscles will eventu- 
ally rcc^over. There is always a certain amount of permanent paralysis. 

The muscles which are jmralyzed undergo atrophy. This is more 
rapid and complete in thosi! that are to be jHjrmanently paralyzed, and 
there is a change in the size of the limbs which is Avell marked within 



STifPTOMH. 


267 


a month. The paralyze<l muscles arc relaxed, never rij^id, and show 
a reaction of degeneration to the electrical hists. The I'eaction of de- 
generation consists of a loss of tlie response in both muscle and nerve 
to faradic stimuliLs, and a loss of response in the nerve to galvanic 
stimulus. The galvanic reaction of the muscle ivinains, but in such a 
muscle there is found an alteiation of its normal contractility to gtil- 


Fia. 106. 



Extreme atrophy of the shoaMer, arm and forearm In an adult wh6 suffbred from an attack ol 
infantile imralysia at the ago of three. 


vanic currents. For the first few months the muscle responds too 
strongly to galvanism and contracts under the positive jjole more 
quickly than under the negative pole when the currtuit is s(!nt through 
it. Later the contractility to galvanism is })iY)gressively deeresised, 
until in a totally paralyze<l musede it is lost. It may Iw statol as a 
prognostic sign that the muscles in which the faradic reaction is pr<!- 
served will recover though paralyzed for a time at the onset. Su(di 
muscles also preserve their tone, so that they contract when percuased 
shaqjly with a hammer. 

The circulation in the affected limb is considerably impaired, and 
it is cold, blue and flabby, but not oeflematous. In some cases the 
bone is subsequently hampered in its growth, so that the limb is 
shorter and more slender than its fellow in after life. (See Fig. 106.) 
While the description just given of an acute onset with fever applies 
to about three-quarters of the cases of anterior ptdiomyelitis, tliere re- 
mains one-quarter in which there is no febrile onset. Of 166 cases in 
my clinic, 120 began with fever and 46 began without fever. Sink- 
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ler reported 178 with fever, 40 without fever. Collins and Romeiser * 
reported 886 cases with fever and 20 without fever. In these cast* the 
child while in a state of perfect health is suddenly jiaralyzed in one or 



Infantile imralyaia, with atrophy and 1tii|)fl1rcd jjrowth of the right leg, and droj>-ftM»t; four ycttw 

after the onset. 

more lijnl>s. It jsives no sij^n of pain, it detes not apjiear to be ill, and 
the paralysis surprises the mother by its sudden onset. In these ciises 
‘.lour. Amcr. Med. Assoc., May 30, 1908. 
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the paralysis is soon followed hy atrophy and by vaso-motor j>aralysis. 
It is not attended by pain or tenderness on motion, and usually de- 
creases to some extent, leaving the limb, however, in part jxjrnianently 
jMiralyzed. 

These two types of onset of the disejisc are evidently quite distinct 
from one another, and tlieir pathologieal basis is probably different, as 
has been alresuly stoted. 

After the onset is over there is a slow prognrssive improvement up 
to a certain point, and then the pernuinent condition of immlysis is 
found to vary greatly in <lifferent cjiscs. 

The location of the paralysis is usually in the legs, and here two 
types of the disease may Iw recognizc<l — the hsg tyiwj and the thigh 
type. In the leg tyj^M) the peronei alone or with the anterior tibial 


Fia. 108 . 



Iiirantlle parsijrsis and atrophy of the left arm two years after onset. The partial luxation of the 
hnnienia la evident ; and also the m«/» tn grlffe. 

muscles are commonly affetdod, although the posterior tibia! group may 
, share in the paralysis or may even l)e as fully paralyzed as the others. 
As the paralysis remains, deformities of the ankle and foot will appear, 
the form of talipes develojied depending upon the muscles chiefly para- 
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lyzed. In the thigh tyj)c, the psoas and il incus musc^lesand the glutei 
and mustdes about the tliigh aic those chiefly affected, the muscles on 
the inner sid(i of the thigli and the muscles below the knee often escap- 
ing. In these cases the leg hangs like a flail from the bexly, and can- 
not sup|K)rt the weight at all. In some csistis nearly all of the muscles 
of the lower extn'inity arc paralyzetl, and the atrophy is uniform 
throughout the limb. In these severe cases it is not uncommon for 
the muscles of the back and abdomen to share in the paralysis and 
atrophy. 

When the arms are attacke<l two types of paralysis have been des- 
crilxxl, the upper-arm type and the lower-arm tyjx;. In the up|Hir-arm 
tyj)c the muscles about the scapula and tlie deltoid, the biceps, and 
supinator longus are psindyzed and atrojfliic, and consequently the 
motions of the shoulder joint sind elbow-joint are seriously hampered. 
In these cases the shoulder-joint is unduly movable and the head of 
the humerus falls out of the sociket. In the lower-arm type the mus- 
el(!8 below the elbow are invaded, tlie flexors or extensors of the wrist 
and fingers, or both together, arc affected, the supinator longus estap- 
ing. In other (ascs the interossei and the thenar and hypothenar 
muscles of tlie hand are paralyzed, while the long flexore and extensors 
escjipe. Occasionally a combination of upper-arm and lower-arm types 
occurs, in which case the entire extremity is useless. The upper part 
of the trunk is ocesvsionally involved in the paralysis together with the 
arms. The muscles of the back and trunk are rarely the only ones 
permanently paralyzed. 

In a very few cases the entire muscular system of the body appears 
to 1x5 affected by this disease ; both legs, the trunk, and Imth arms arc 
more or less pandyzed ; but ev(*n in these cases a (ssu-eful examination 
will show that the degree of the paralysis and atrophy is not the same 
in all the musesles. The relative frtjquency of paralysis in different 
parts of the body is shown in the following table (Table VII.). Tlie 


piiraly.sis is rarely, if ever, 
arms are involved. 

exactly symmetrietd when both legs or 

both 

Table VI 1. — 

The Dietribution of PermanetU Pandyna. 



Ihivtirnnf., ‘ SEfWjniUllcr,'* 

Shiklrr.^ 

Starr, Lovtftt,* 

Total 

Holh legs. .... 9 

14 

107 

51 

130 

314 

Right leg. .... 25 

15 

63 

31 

216 

3.',0 

lA-ft leg 7 

27 

62 

37 

239 

372 

Right arm .... 5 

9 

5 

11 

5 

35 

licft arm 5 

4 

8 

6 

5 

28 

Both arms .... 2 

1 

1 

5 

0 

9 

All e.xtrcmiticH ... 5 

2 

35 

9 

3 

54 

Arm and leg same side . 11 

2 

26 

9 

15 

614 

Arm and leg opixisite sides 2 

1 

1 

6 

7 

17 

Trunk 1 


22 

4 

6 

as 

Three extremities 

• •• 

10 

5 

2 

17 


• Archives x^n. de M^., 1864, p. 38. 

’Gerliardt's llandbuch d. Kindcrkrankheiten, 1880, vol. v., p. 1. 
•Keating’s Cyclop, of Cliildren’a Diseases, 18^, vol, iv., p. 695. 
‘Ixivett. Tiuns. Amer. Me«l. Ashoc., 1908, p. 1680. 
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Occasionally the cranial nerve nuclei are invaded by the disease, and 
as a result strabismus of various types, facial palsy, paralysis of the 
larynx and tonj^ue, and of the i)harynx have been observed. This is 
more common in the epidemic form. 

In addition to the paralysis and atrophy, there is a loss of reflex ac- 
tion at the level of the lesion in every case. The skin reflexes usually 
return after a time, but the tendon reflexes are absent for a long period, 
even when a partial ree-overy of tlic mtiscle Involved has biken place. 
Thus tlie knee-jerk is uniformly abstmt when the thigh musedes are 
paralyzed, and the elbow-jerk and wrist-jerk when the arms are 
affected. 

Sensation is preserved in almost every case, but I have so frequently 
observed a pcrmsinent hypersensitive condition to painful impi-essions 
in the paralyzed limb that I ciinnot but iKdieve tliat the lesion in the 
gray matter affects the pain-sense tracts in their passitge through the 
cord at the level of their entrance, and has a relation to this 8ym|)toin. 
There is marked vasomotor psinilysis and lack of vasomotor res^wnse 
in the limb to applications of heat and cold. 

Deformities of the joints are a common sequel in infantile spinal 
paralysis. The approximation of articular surfaces is seeimal, in part, 
by the nornuil tension of the muscles, esjKxjially at the shoulder, hip, 
and knee, and hence paralysis of the musedes controlling these joints is 
attended by relaxation and a greater degree of mobility than is normal. 
Thus the head of the humerus falls from its socket when the deltoid is 
paralyze<l, and abnormal extension of the knee is often seen in the 
upjjer-hig tyi)e of paralysis. After some months of paralysis the 
muscles which are the natural opponents of the paralyzcid mus(des are 
apt to Ixicorae permanently (sontractured, and this also o<!casion8 defor- 
mities. The action of gravitiition on a flaccid part of the limb com- 
bines with the contracture in the case of the f<K»t to incrciise the 
deformity there, and hence all forms of talipes may ensue upon infan- 
tile paralysis. Deformities of the wrist are also observed, but these 
are not common. Curvature of the spine from paralysis of tlm rniiscdes 
of the back is frequently seen, all varieties having bwn described. 
Its moSt common cause is the shortness of one leg, due to arrest of its 
growth. Snch curvatures differ from those due to bone discuise in the 
fact that they do not p<!rsist during susjiensiou of the body by the 
head and arms. It is one of the most imporbint points in treatment 
to prevent the development of these deformities. 

The progress of the disease in any (sise may Ikj dividcnl into stages. 
After an acute onset there is a stage ,of maximum intensity lasting 
from one to six weeks, and followed by a periwl of steady improve- 
ment which may extend from six months to a year. Then follows the 
permanent chronic condition, in which the normal growth of the child 
may lead to a slow development of the limb, but not to any change in 
its power of use. It is very rare for a complete recovery to take 
place after an attack of infantile paralysis. Even in the lightest cases 
there is usually some weakness, slight atrophy, and coldness left, and 
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one or two muscles will bo particularly feeble. In the majority of 
cas<« considerable permanent paralysis remains, requiring the use 
of apparatus to assist the action of the limb ami to prevent deformi- 
ties. Death has occasionally occurred during the acute onset, but is 


Fig. 109. 



lofaotne paralysis with atrophy of tho rffrht leg. The eurrature of the spine is secondary to the 

sh<*i1eniiig of the leg. 


very rare, and once this stage is passed there is nothing in the disease 
to threaten life. 

It is the chief characteristic of the atTOphic paralysis in this disease 
that it selects certain muscles to the exclusion of others. This selec- 
tion bears no relation to the arrangement of muscles in the limb or to 
tlu' conjoint action of muscles in pniducing any definite movement. 
It is wholly dependent u|x)n the arrangement of the groups of cells 
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controlling the muscles in the anterior horns of the spinal coni. The 
exact localization of the distuise can be determined by nderring the 
symptoms in any case to Table I. in tlie chapter on the Diagnosis of 
Spinal-cord Diseases, page .'54. 

2. Epidemic Cases. — When the disease ocemrs in epidemics the 
symptoms are similar to those occurring in the infectious type of 
sporadic cases, there being a high fever, 104°, with chill, vomiting, 
malaise, severe general sweating, severe pains in the back and limbs, 
sometimes attended by rigidity of the spine and retraction of the head, 
giving rise to the suspicion of meningitis. The excessive sweating 
implies an involvement of the vasomotor centres in the spinal cord. 
Diarrhoea occurs on the 8('(!ond day and continues for two or three days. 
Delirium is a frccpient symptom. The febrile symptoms last for five 
or ten days. On the third or fourth day the paralysis apj)ears, u.snally 
suddenly and at its maximum extent. When the legs are pandyzed it 
is not unusual to have rc'tention of urine ami lo.s8 of control of the 
bladder lasting several days. When the arms are affected the respira- 
tory muscles may l)e paralyzed and in the fatal ease's death occurs from 
respiratory paralysis. Sometimes the paralysis extends to the netik, 
throat ami foce, and cvem to the eyes, giving rise to the symptoms of 
bulbar j)alsy, the polio-encephalitis inferior and sui)crior of Wernicke. 
If the face is afiected all the muscles are involved and the patient 
cannot close the eye. If the ocular muscles are paralyzed strabismus 
appears. I have not seen any ciises where the facial or oculo-raotor 
palsy n'maincd permanently. Pain is a more prominent symptom in 
the epidemic than in the sporadic cases. 

In cpidemi(!S the mortality has been from 7 to 10 per c(!nt, ; death 
occurring from the fourth to the tenth day, usually on the sixth day. 
In sporiwlic cases death is very rare. In cpid(uni(!S abortive cii.s(‘s 
have been recognized, where the fever has produced great muscular 
weaknes.s, but has not been followed by permanent paralysi.s, complete 
recovery having ensued after two or three weeks. In epidemics there 
is complete recovery in 25 per eent. of the cas('s. Affiir a careful 
study of the blood by Dr. Martha Wallstein ami Dr. Simon Fh'xner* 
the conclusion was reached that the diagnosis of poliomyelitis by means 
of a serum reaction is impossible ; all complement binding experiments 
being negative. 

Diagnosis. — There is no difficulty in recognizing the disease, and 
it is hardly likely to be mistaken for anything else. Occasionally 
a child will be attacke<l with acute articular rheumsitism, and, on 
account of the pain in the joints, will be unwilling to move the limbs, 
and thus may be thought to be jKiralyzed. A careful examination 
should soon demonstrate the real condition, for acute rheumatism 
never causes any atrophy or paralysis, and the local tenderness in the 
joints, the sweating, and the lack of coldnc.ss of the limbs may also 
aid in the diagnosis. 

* Jour. Amer. Med. Assoc., July 11, 1908. 
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Rachitis, sometimes aiused in infants living in healthful and com- 
fortable surroundings by the use of aitificiul patent footls containing 
considerable sugsir, may lea<l to a sudden febrile onset, with much pain 
and tenderness in the limbs and unwillinguess to move. But the child 
is not ri^ally paralyzed, and the tenderness of its bones, the appearance 
of the glims and the sweating, as well as the lack of limitation of the 
pain and immobility to one or two limbs, should prevent this disease 
from being mistaken for infantile paralysis. 

In some cases of anterior poliomyelitis there is considerable pain 
felt in the limbs, and some tenderness of the surface and of the mus- 
cles. The existence of pain during the first two days of the disease 
o<msioually leads to mistakes in diagnosis. Thus Marsh * records a 
case of a child aged five years, who was suddenly attackeil with pain 
in the left leg extending down the thigh to the knee. The limb was 
flexed, abducted, and rotated outward, and any motion was painful ; 
hence the case was recorded as acute hip disease, but closer examina- 
tion showed the hip-joint to be quite freely movable, and after two 
days, when the pain had passed away, the case was found to Imj one 
of infantile paralysis. The fever and general constitutional distur- 
bances present at the onset had rendered the diagnosis obscure. 

In painful cases it has been suf^sted that a neuritis may accom- 
pany the poliomyelitis. The existence of pain alone is not sufficient 
to warrant this conclusion, inasmuch as we now know that in the early 
stages there is a congestion of the gray matter of the coral which is 
sufficient to explain the pain. If, however, the pain continues and 
tenderness develops in the muscles and nerves, it is probable that a 
neuritis has develo|>ed due to the same infectious agent which has 
caused the poliomyelitis. It is to be remembered that polyneuritis is 
usually a disease affecting the extremities symmetrically and causing 
drop- wrist and drop-foot ; that the distal jiarts of the extremities arc 
more severely paralyzed than the proximal parts; tliat there is no 
such selection of muscles paralyzed as in poliomyelitis, and that there 
are usually sensory disturbances of a permanent nature, aiuesthesia and 
analgesia, or ataxia, in addition to the pain and tenderness along the 
nerves ; hence in the acute stage of onset a polyneuritis should not be 
confounded with a poliomyelitis. When polyneuritis accompanies 
poliomyelitis the clinical picture will be made up of a combination of 
the symptoms of both affections (sec page 201). 

A condition of weakness of the muscles observed in infancy has 
been described by Oppenhelm and by Spiller, which they term mya- 
toida covffenifa and Avhich resembles slightly infantile jiaralysis. 
Twenty-six cases have been collected by Haberman.* The infant 
makes very few movements from the time of birth, all the muscles 
seeming to be Aveak and lacking in tone. There is no atrophy, but 
there arc no deep reflexes to be obtained. The muscles react to strong 

'Lnncet. Janoary 16, 1897. 

'Zur.piUcrentialdiaftmise dcr poliomyelitis anterior acuta, myatonia congenita und 
polyneuritis. Berlin, S. Karger, 1908. 
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electrical currents. The chief symptom is the lack of voluntary move- 
ment; the infants lie inert and helpless, though slight motions arc 
made in res^wnse to painful impressions. The children arc intelligent, 
tlie cranial nerves are normal, sensation and the action of the sphincters 
are normal. Slowly, after many months, improvcjment Ix^gins, the 
muscles develop and power is giiincd. In tlie fatal (!as(.^8 no lesion of 
the .nervous system has been found, but tliere is an atony of the muscles, 
which appear pale and poorly developed. As cougtaiital poliomytflitis 
has not been observed, tliis tlis(*ase need not Ix! confounded with in- 
fantile paralysis. Jt has a relation to myasthenia grjivis and i.s prob- 
ably due to some congeifital di.sease of the thymus gland. (S(!e page 
612.) 

A lo<!alize(? injury of the brachial plexus (Erb’s paralysis), causing 
paralysis of the *leltoid, biceps, coracobrachialis and supinator longus 
is not uncommon in infants, and might be mistaken for infantile palsy. 
The history of trauma during delivery aud the locid amesthesia in the 
distribution of the circumflcix nerve should, however, correct the mistake 
(see page 176). 

Prognosis. — The prognosis in anterior poliomyelitis is always grave. 
Patients do not often <lie of the affecitiou, but they rarely es(!ii[)e a |M*r- 
manent paralysis in some part of the body. It is true that iu the 
majority of cases the original pandysis subsides, so that there is an 
apparent improvement of a considerable degree. Thus a ]>atient wlio 
has originally been paralyzed in both h^gs may njtiover fla; power in 
one leg entirely, and may be left with a condition of paralysis in tlie 
jicronei or in the anterior tibial group of the other leg, .so that the 
terminal condition is very much less severe than that at the onset. 
As a rule, the limb that is afRicted uciver entirely regains its powcir, 
aud usually shows some atrophy and shortening; for the growth of 
the limbs is hampered by the existence of the disease, and liiauie in a 
growing child the unaffecited limb outgrows the other. Jt is thought 
that an electrical examination may alTonl some ground for a prognosis. 
It is believed that the muscles whidi rcspoiul to the iiiradic current 
three weeks after the onset of tlie disisise will eventually nnover, 
while those that fail to respond to this curniiit at that time will always 
be somewhat impaired iu jxiwer. The lo.ss of faradie reaction, how- 
ever, is not an indication that these muscles will lie totally paralyzed, 
since the faradie reaction has lieen known to return in a muscle a y«ir 
after it has been lost, yet such a muscle never riHJovcrs completely its 
size or power. The prognosis is much better in the cases which begin 
with fever than in those which do not, and in the epidemic cases after 
the second week of the disease than iu the sporadic cases. In epi- 
demics, as already stated, from 7 to 10 jier cent, are fatal on the 
sixth day. 

Treatment. — The treatment of infantile spinal jiaralysis in the 
acute stage consists in keeping the child quiet in bed and applying a 
mild form of counter-irritation along the spine, which is best done by 
a paste of mustard 1 part and flour 3 parts, applied in a poultice 
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along the back an<l removed as s«x)n as the skin is reddened, and then 
renewed after three hours, so that for at least a week there shall be 
continue*! counter-irritation without the discomfort of a blister. The 
frequent application of dry cups along the spine may be use<l to pro- 
duce the ssime effisct. lle}H!Jitc<l sponging with alc<diol and cool water 
is indicated in the cases in whicli the tcmpemture is above 101° F., 
but phcua(;etin or antipyrine is not to be used unless the temperature 
reaches 10.‘}° F. Dr. Harvey Cushing has recently observed that the 
administration of urotn>pin results in the presen<!c of formaldehy<lc in 
the cerebrospinal fluid. While we have no proof that there is an infec- 
tious agent in the flui<l in thisdis<>asi‘, it can do no harm to give a child 
of three years one grain of urotropin every six hours during the first 
ten days. Then! is some advantage to be gained from the internal use 
of ergot. The dosc! of ergot is 10 minims of the fluid extract for a 
child below the age of two years, every four hours, and 2 minims more 
for ciich additional year. Iodide of potassium maybe given in 1 -grain 
dose in the early stage, and mwhiratc «loses of sidicylate of strontium (2 
gr.) or of quinine (| gr.) may be used for a child of two yciirs. If the 
child is in much pain or has convulsions, bromide of sodium (5 gr.) 
with or without ciKleinc gr.), may be employed as a symptomatic 
reme<ly. The gtmeral treatment of febrile conditions, a light diet and 
laxatives, is not to Imj neglected. As it has been assume<l that in the 
infectious cases some gastro-intcstinal poison may be ju’esent, free pur- 
giition has been urged. The best laxative is cjistor oil .^ss, glycerine 
3i.j, cinnamon-water Tllx, given with an equal amount of lemon juice 
sweetened. Rest in a prone position in bed is better than constant 
lying ujwn the back. 

When the acutc! stage is passed there is little to be done during the 
second week excepting to nourish the child well and to keep the pani- 
lyze<l limb warm. Iodide of potassium in 1 -grain to 3-grain doses 
may be adnunistered three times a day. 

When the paralysis begins to subside spontaneously it is well to 
administer strychnine in full dose, gr., three times a day for a child 
of three years of age. This remedy is best given at intervals, and not 
continuously, and it is my rule to use it for one week, and then to 
intermit for three days. The condition of mechanical irritability in 
unparalyzed muscles, sis determined by' perimssion with a hammer, is a 
good inilication of the degree of effect being produced by the stryiih- 
nin<‘, and the drug may be increased until it caustis a distinct incresise 
in this irritsibility. It is to be remembered, however, that twitching 
of the limbs or stiffiiess of the back, usually Indicative of an effect of 
stryilinine, is not to be relied nixm in infantile paralysis when the 
muscl(!s are paralyzed. Whether general tonics, such as cod-liver oil, 
hyjiophosphitcs, or arsenic, have any effiict of a favorable kind may 
be left to the Judgment of the physician in each individual case. 

The most iin|)ortaut indication during the stage of regression is to 
preserve the nutrition and function of the paralyzed muscles, and this 
is to be attained by skilful massage, by hydrotherapy, or by the use 
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of electricity. Msissage is of the utmost importiince in these ojiscs, and 
should be given once or twice a day with care, combined with such 
attempts at active movement as the child is able to make. Among 
the p(K)rer classes it is well to instruct tlie motlier how to give this, so 
that it may be given with persistence. The massage shotild not be of 
the hardest kind, and yet should be sufficnent to stimulate the cinni- 
lation in the limbs and to promote the lymphatic and venous flow. 
Next to massage mechanical devices which iiMluce the child to make 
use of the weakened limb are to be employed. A honsf^hohl gym- 
nasium adapted to eiich individual ciise can easily be devised by the 
physician, and if su(!h exennses are made of the nature of play to the 
child’s imagination, much goo<l will be derived from its own efforts. 

Hydrothempy is also an important aid in tnaitmeut. The general 
circulation in the cold and flabby limb mfiy be aided by warm baths, 
and it is my rule to have these children play in warm water, tem|)eni- 
tuiti 99° F., for half an hour twuse daily. This warm bath may be 
folIowe<l by a cooler sponging and brisk rubbing, but cold water 
.should not be employed in the bathing of the.se childrtni, as the tem- 
jMJKiture of the ])aridyzed limb is always ImsIow that of health, and 
the vasomotor panily.sis jirevcnts the quicik reaction which is so bene- 
ficial in other conditions. Proper protection of the.se limbs by extra 
flannel clothing is always advisabh*. 

hllcctricity is a valuable agent in the treatment of infantile panilysis, 
but a clear stiitenient of its u.se should be uuwle by the physician to 
the family. Electricity luis no influence whatever ujmn the cour.se of 
the disea.se. It does not affect the lesion in the spinal cord, either to 
clecrease the hyperiemia or to increase the nutrition of the nerve cen- 
tres. Applications, therefore, of gsdvanism to the spine are absolutely 
useless. But applications to the nmstdes may be of distimit scirvice in 
two diflerent ways — first, by causing their contraction, and thus (sxer- 
cising them when voluntary exerci.se is impo.s.sible, and, secondly, 
by promoting the chemical changes in the muscle that arc c.sscntial to 
growth and iiutritiou. 

Examination iu any case will show a certain number of niu.scles in 
the parsdyzed limb that respond to faradism. Thc.se muscfles will 
eventually recover entirely, yet the tone of the mu.s(!le and its strength 
can be kept up during the period of improvement by means of exer- 
cise with either the fara<lic or galvanic current. It is quite well 
proven that just as exerci.se of a hcidthy arm will markwlly increase 
the size of the biceps muscle, so applications of faradism regularly to 
a muscle that it will contmet will increase the size of this mu,scle ; 
hence to the weakened muscles which still re.spoud to famdism an ap- 
plicjition of the faradic current for about ten minutes once or twice a 
day will be of service. The majority of the paralyzed muscles do not 
respond, however, to faradism, and it is time wasted to apply the 
famdic current to these muscles. They do respond, as a rule, to gjil- 
vanic interrupted currents, the positive pole being placed over the 
muscle &nd the negative upon the limb at a short distance above. The 
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interruptions should be made by an electrode held in the hand and 
provide with a finger-key, and each muscle should be treated for 
about three minutes daily, fifty to sixty interruptions being made per 
minute by the finger. The strength used should Ihj the least which 
will secure eontraction in the muscle. When interruptions of the cur- 
rent do not produce a prompt response alternation of the current may 
be employed by reveraing the current rapidly by metins of the pole- 
changer on the battery. It is to Ik) remembered that in this disease 
the application of electri(;ity is more painful than in health. It is 
also to be remembered in applying electricity to children that their 
confidence must be gained, and that, if they are frightened at the first 
appli(»ition, substMjucnt treatment will result in a continual struck. 
It is my custom, therefore, to begin a course of electrical treatment to 
a child by several applitaitions of the sponges and electrodes while no 
currant is f)assing, thus accustoming the child to the apparatus and 
gaining its confidence. After two or three sinsh applications it will be 
p)88ibie t») U8<^ a weiik current, and then day by day to increase its 
strength until by the end of ten days the netmsjiry strength is Iniing 
usitd. In this way a daily struggle, with the result of unsatisfactory 
and probably useless applicjvtions, can be avoided ; and the parents’ 
consent obtained to a course of treatment which they would eyentuidly 
object to if every application resulted in a struggle. Any intelligent 
mother or nui’se can be taught to give the galvanism or faradism to a 
child in this manner, and it is best to interest the attendant in the 
treatment from the iKjginuing, and to instruct her csirefully, so that 
within a week the treiitment can be left entirely in her hands. Such 
an application of electricity is to be made daily or twice a day for two 
or thr(!e years. Spontaneous recovery will have been rauched at the 
end of the first year, but even after this time these musdes may be 
brought into a condition of hyiicrtrophy by means of continued exer- 
cise. When, however, a child is quite able to move voluntarily with 
some force any paralyzed muscle, it is far better to rely upon voluntary 
exerci.ses than upon electrical applications. If no effect is obbtined 
from massage, bathing, and electricity in a muscle at the end of a year 
there is no use in continuing the treatment of that muscle, as it will 
never recov<!r, its nerve cells being entirely destroyed. 

The use of braces plays a great part in the treatment of infantile 
paralysis in the chronic stage. It is ne<;essaiy to prevent stretching 
of all muiwdes, those which arc slightly or not at all paralyzed as well 
as those which are pandyzed. Jlence an effort must be made to hold 
the joints in their normal positions from the earliest stage of tlie 
disease. It is to be remembered that many weak muscles can do 
their work only when the limb is placcnl in an advantageous position 
or when tiny are assisted in their action. Many of the muscles 
have, as part of their function, to keep the joints in place, and this 
part can be supplied by properly adjusted braces ; hence an appa- 
ratus may (aiable the child to use a muscle or to move a joint that 
it cH/uld not do if tlie joint were unsupported. Again, the result of 
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paralysis of one group of muscles is to allow the joiut to be bent 
by its opponent or to yield to the influence of gravitation, and hence 
the paralysis is often followed by deformity if a brace is not applied 
early to correct this tendency. There is no disease in which ortho- 
pedic apparatus is of more service than in infantile paralysis, and it 
cannot be applied too early, as it may prevent the development of con- 
tractures and of deformities. There is no stage in which it is too late 
to fit a brace, for even if these deformities have occurre<l tenotomy 
may be employed to straighten and adjust a joint, and then the limb 
can be fixed by the brace iu a proper position. But every ctise has to 
l)e treate<l skilfully in accordance with its own condition, and the 
ready-made braces of the shops are often worse than none. Hence 
for each case a s|)ccial apparatus must be fitted under the direction of 
an orthopedic surgeon, and it is to be remembered that in a growing 
child such apparatus must be constantly readjustee!, its length and size 
being changed from month to month in accordance with the develop- 
ment of the limb. 

In many ciiscs of deformity where there is a strong contracture of a 
fairly healthy muscle overcoming the weak paralyzeel muscle the ques- 
tion of tenotomy will arise. Such tenotomy will of course result in a 
temporary replacement of the deformed joint to its natural position, 
but unless the joint can be held by a brace; in this position, tenotomy 
alone will be of no permanent service. Hence tenotomy is only to be 
rcgiirtkid as a preliminary in some cases to the proper appli(»ition of 
apparatus. Apparatus has also been devised (espeeiially in the treat- 
ment of infantile paralysis of the hands) by means of which weakened 
muscles may be roinforced by clastic hands so applied as to take the 
j)lace of the paralyzed muscle. Thus a dropjwd-wrist or a paralysis 
of the extensors of one side of the wrist can be somewhat relieved by 
a series of elastic bauds attached to finger tips or to rings and to the 
ellmw and running through a bracelet at the wrist. DropjaKl-foot may 
also be similarly remedied. Such devices, however, are usually dis- 
earde<l after a time, as they are more cunil)ersome than useful. Aj)- 
juiratus is especially applicable to spinal curvature of the jMiralytic 
type, and in any cjise in wliich the bcxly or back muscles arc involved 
at the onset it is well for Uie child to wear a corset in order to pre- 
vent the development of some form of curvature. A thick cork sf)le 
will prevent the curvature due to a short leg. 

It has been proposed to divide longitudinally the tendon of certain 
healthy muscles and attach one-half to the severed tendon of a par- 
alyzed muscle about the knee, ankle, wrist, and elbow, in onlcr that 
the healthy muscle may be made to do the work of the muscle which is 
paralyzed, and many successful attempts in this direction have l)een 
reported. I have seen permanent benefit in a remarkable degnx:, in a 
case of paralysis of the peronei, by this methotl of treatment, in which 
a part of the posterior tibial tendon was attached to the cut |x;roneu8 
longus tendon. I have also seen paralysis of the anterior tibial musede 
relieved by attaching its tendon to the tendon of the long peroneal 
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mastilc. I have seen paralysis of the soleus improved by attaching its 
tendon to the deep muscles beneath it, and 1 have seen several cases 
of great improvement in movements of the fingers and wrists by at- 
taching the tendons of paralyzed muscles to those which were healthy. 
This is a metho<l of relief which is rational and deserves wide adoption.* 
Periosteal implantation rather than tendon joining is preferred by some 
surgeons.* 

It has also l)eeu proposed to divide the nerve going to a paralyzed 
mus(de and to gnitt the peripheral end on to a normal nerve trunk 
adjacent to it, in the liope that the nerve may regenerate and that the 
muscle will receive impulses and nutrition through the new nerve. 
This method is still under observation, though some success has been 
reported. It deserves a trial in cases where tendon grafting is im|) 08 - 
sible. The effect of the division of the healthy nerve is always to be 
borne in mind. And if the manifest result of the possible failure of 
the operation will l>e to render tlie patient much more helpless than 
before it, tins operation is not to be advised. Lovett has collected 
twenty csises, sixteen of which were successful. 

OHBONIO ANTERIOR POLIOMYELITIS. 

Chronic Atrophic Paralysis. Progressive Muscular Atrophy. 

History. — A condition of progressive paralysis with atrophy was 
first <lescribcd l)y Sir Charles Bell in 183(J ; it was not referred to a 
lesion of the spinal (!ord, however, until IH-OO, when Aran* studied it 
carefully. His statements were added to by Duchenne in 185.3. But 
the form of progressive atrophic paralysis, termed prt)grcssive muscular 
atrophy of Aran-Duchenne, was soon found to be but one of several 
typ«!S of the <liseiise. Duchenne in 1853* described another type, 
which he named partdyiiie f/itiirale antSrieure Hubdigun aacendante, a 
disease beginning with paralysis and atrophy in the legs, and gradually 
invading the trunk and the arms, and finally (siusiug death from re- 
spiratory paralysis. For many years all cases of chronic atrophic 
paralysis were referred to these two classes, and wen? suppos(>d to have 
as a basis an affection of the anterior gray matter of the cord. 

But between 1860 and 1870 numerous cases of atrophic paralysis 
were reported in which no spinal lesion Avas to be found. And grad- 
ually it l)ecame evident that some forms of this disciise were <lependent 
entirely upon changes in the muscles. To Friedericdi * and the German 
sch(M)l must be given the cre<lit of separating the muscular dystrophies 
from the forms of spinal paralysis. 

In 1872 Charcot* and the French sch(X)l discovered amyotrophic 
lateral sclerosis and showed the difference between it and progressive 

* Tubby. T.!incet, March 28, 1903. Ashoc. franc, de Chirutgio, 1907, p. 380-574. 

’I.ovettand Liuns. Jour. Anier. Med. Abhoc., 1908, Nov. 14. 

’Arch. g4n. de M4d., xxiy., 42. 

* Trait4 de I’Electrotherapie local is^e. 

* Ueber progressive Mnskclatrophie. Berlin, 1873.^ 

*Le^ns siir les maladies du syst^me nerveux. Paris, 1880, ii., 192. 
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muscular atrophy. And finally in 1882 Dejerine and others brought 
forward many tacts to prove that numerous eases formerly supposed 
to be due to spinal lesions were really due to multiple neuritis (see 
page 193). 

A chronic atrophic paralysis cluiractcrized by a slowly progressing 
wciikncss, and atrophy beginning in one part of the b(xly and advanc- 
ing to another part, may occur under the following conditions : 

First : Chronic anterior poliomyelitis. 

Second : Amyotrophic lateral sclerosis, (a) beginning in the spinal 
cord and ascending to the mcxlulla and pons ; (6) beginning in the 
medulla atid pons as bulbar paralysis, and descending to the spinal 
cord. 

Third : Multiple neuritis. 

Fourth : Mus(!ular dystrophy. 

In the prosent chapter attention will Ihj confined to chronic anterior 
poliomyelitis, other conditions causing atrophic jKiralysis being con- 
sidered elsewhere. 

Pathology. — The psithological changes present in this disease con- 
sist of a slowly advancing atrophy in the j)riniary motor ncumnes of 
the coi"d, cell bodies, dendrites, and axones degenerating together. 
These (sells, as already stated (p. 52), lie in groups in the anterior 
horns and in tlie central gray matter, and the lesion alfects these groups 
in different degrees. 

We have several elinie^d typ(!8 of chronic anterior poliomyelitis, 
due to the fact that the lesion may begin iii different parts of the spinal 
cord. 

In the first tyfie the atrophy begins in the lower grouiis of cells of 
the lumbosacral region, and extends to all the groups in the lumbar 
enlargement. The [wiralysis begins in the peronei and anterior tibial 
groups of muscles, then advances to the adductors of the thigh and 
glutei, and finally invades all the raus<!l(’s of the legs, but docs not ex- 
tend to the arms. 

In the second type of the disease! (Duehenne’s subacute ascicnding 
jMiralysis) there is a progressive atn)phy of the cells, b(!ginning in the 
lumbosacral region and julvaneing gradually up the cord until all the 
motor cells are involved. Tlie tells in the sacral region, in which the 
lesion begins, show a more advanced and complete atrophy than those 
in the cervical region, though at the end of the distaise, in taise the 
patient is not carried off by some intereurrent aff(!ction, a large majority 
of the (iclls of the anterior horns have disappeixred. 

In the third type (the progressive muscular atrophy of spinal origin 
of Aran-Duchenne) the atrophic process is limited to certain groups 
of cells in the cervical region of the cord, esj>ecially in the first dorsiil, 
eighth and seventh cervical segments which govern the hands. After 
it has progressed to a considerable extent in these segments, the groups 
of cells in the fifth segment, which control the deltoid muscle, and the 
adjacent groups controlling the biceps, coracobrachialis, and supinator 
longus muscles, become affected, and then finally all the groups of the 
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cervical enlargement are attacked by the disease. Later the same 
lesions appear in the lumbar region in the various groups of cells, and 
the imralysis extends to the legs. 

Tlie lesion in all these tyjMis is similar. The difference in the clini- 
cal symptoms is wholly due to the difference of location, different 
groups of cells being first attacked or progressively invaded in the 
riiree types of case. The difference between the subacute and chronic 
cases is only the difference of rapidity in progress, and no hard-and- 
fast line can be drawn l)etween the two. 

The exact lesions in these affections consist in changes which are 
only visible to the microscope. There is no deformity or atrophy of 
the spinal cord on inspection, and there is no change in the mem- 
branes of the cord. The anterior nerve roots may appear to be 
slightly atrophied, and are liable to tear more easily in the process of 
extraction of the cord. On microscopic examination there is not to bo 
seen any congestion of the cord or any exudation of cells within the 
substance, but a simple progressive atrophy in various stages in the 
cells of the anterior horns and of the central gray matter. There is 
no breaking of the dendrites, no swelling of the axoncs, no intracel- 
lular vacuolization, no hernia of the nucleus, and no diffuse chroma- 
tolysis. There is no trace of capillary hemorrhages. 

The cell remains with all its characteristics, but is simply shrunken. 
In the ejirly stage the body of the cell is small and its nucleus is 
diminished in volume, but the cell retains its polygonal form, merely 
Incoming too small for its lymphatic space. Its chromatophile granules 
appear small, almost like u mass of dust within the cell, and may be 
tliickcr about the nucleus or in the periphery. Collections of pigment 
in the cell appear in large quiintity. Little by little the cell diminishes 
until the only thing left is a round cellular nucleus with a small nucle- 
olus or a mass of pigment granules. (See Plate III., F, G.) The lesion 
attacks not only the large and small (jells which give origin to the ante- 
rior nerve-root fibres, but also the large and small cells which give rise 
to the iissiKiiution fibres passing into the antero-lateral column of the 
spinal cord. The cells of the column of Clarke are not affected. 

As a consequencie of this atrophy of the cells there is a correspond- 
ing atrophy and disap})earuuce of their dendrites and axones. As the 
dendrites disappear the fine plexus of fibres in the gray matter be- 
comes less noticeable. As the axoncs atnjphy there is a shrinkage in 
the antero-lateral tracts of the cord due to a disappearance of the 
anterior motor root fibres, and also of the association fibres that pass 
to other levels of the cord. The atrophy of the fibres within this 
column is diffuse, fibres here and there through the entire antero- 
lateral column Ixfing found atrophied ; hence, although no lesion is ap- 
parent by the Weigert stain, the Marchi method reveals this diffuse 
degeneration. A picrocarraine stain demonstrates very slight sclerosis 
of the antero-lateral column adjacent to the anterior horn of the cord 
on all its sides. The other tracts are normal. There is marked de- 
generation and atrophy in the anterior nerve-root fibres and in the 
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nerves to their termination in the muscles. There is a single atrophy 
of the muscular fibres in the muscles which are paralyzed. This 
atrophy consists of a granular disintegration or a disintegration of tlie 
muscles, with fine fatty deposits and disappearance of striation and a 
simple atrophy of the museular fibres. Oct^vsionally a single hyper- 
trophied muscular fibre may be found.* 


Fig. no. 



The anterior horn In (he lumbar region In a case of chronic anterior )>o]iomyclItis. Total disappeai^ 
ance.of the colls and thinning of the network of 6bn^« within the horn. (Opiicnbelm.) 


S]nnptoms. — The symptoms of chronic anterior poliomyelitis differ 
in the different types of cases. First, in chronic ascending paralysis 
wc have a slowly advancing paralysis beginning in the pcnniei 
muscles, first in one leg, but within two or three months of the onset 
apjjearing also in the other leg and causing a sensation of wesikncss 
in walking, with a tendency to dropping of the feet. The paralysis 

* Recent cases with careful pathological observations in this disease have been re- 
ported by Phillipe and Ccston before the Ncurologicul Section of the International 
Medical Congress, Paris, 1900 ; also by Raymond and Bickling at the saine Congress ; 
by J. R Charcot, Thdse de Paris, 1892, and by T. Aoyama, Dent. Zeitschr. f. Nerven- 
heilk., xxvi., 376, 1904. 
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corresponds exactly with the degree of atrophy present. After some 
months the weakness appears in the anterior tibial group of muscles, 
and then a fully developed droi)-f(X)t appears. The patient walks with 
dilliculty and steps high in order to avoid stumbling over his toes. 
Any dorstd flexion of the foot is impossible when tlie patient is lying 
down, and while standing he ciinnot lift the toes from the floor. The 
paralysis and atrophy go on little by little, measurements showing a 
reduction of jHiriiaps one-quarter of an inch every month in the calf. 
The mechanical excatability of the muscles is diminished, but not lost, 
and there is very often a fine fibrillary twitching in the muscles, caus- 
ing a wavc-like movement of the skin, especially when the muscles 
are exposed to cohl or arc percusse«l. Patients may perceive fatigue 
on slight exertion and may have slight muscular {>uins in the leg, but 
they have no sharp pains and absolutely no sensory disturbances. 
After several months the psiralysis advances to the adductors of the 
thigh and to the glutei muscles. Then walking becomes even more 
diflicult, going up stairs becomes impossible, and it is with difficulty 
that the patient rises from the chair. In one case still under my 
observation two years elapsed before this stage was reached. Then 
about simultaneously the posterior tibial muscles of the leg and the 
anterior muscles of the thigh are invaded, and also the psoas and iliacus 
muscles, and when the paralysis in these muscles is advanced to a 
moderate degree the patients are no longer able to walk. The measure- 
ments of the legs are by this time re<lu(!tHl several inches, and not 
uncommonly the atrophy Incomes extreme. The legs feel rather cold 
to the touch, but there is rarely any cedema, and there is no tendency 
to bed-Hor«>s. The disesise may not go beyond this point, an«l for years 
the patient may live in a state of paraplegia. There is no tendency 
to any aflectiou of the bladder or rectum, and the musedes of the back 
may escape. 

In the second ty|)c — Duchenne’s ascending paralysis — there is a 
tendency to j)rogression upward of the afrection. The niu8(!les of the 
back and trunk become involved, the patient can no longer sit upright 
in bed or on a chair, and usually the muscles of the shoulders and of 
tlie hands become invade<l simidtaneously, and inability to use the 
upper extremities graflually develops. The course of the atrophy of 
these cases may be <juit(! similar to progressive muscular atrophy of 
the Aran-Duchenne tyjje, and finally bulbar paralysis may ensue. 
These patients commonly die of some intercurrent disease, pneumonia 
Ixiiig the most (common csiuse of death, especially if the respiratory 
muscles Ixcome affected. 

The third tyjK) of chronic anterior poliomyelitis is the type described 
by Aran and Duehenne. The {Kitient first notices an inability to move 
the muscles of the thumb of one hand, adduction being imperfect. 
Almost simultaneously there is a paralysis of the abductor indicis, and 
conse«juently the jmtient cannot separate the forefinger from the middle 
fiug(«r. The paralysis of these small museles is noticed in the finer 
movements of writing, playing the piano, buttoning the clothes, or 
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picking up small objects, and this disability is the first thing which 
attracits the patient’s attention. As the disctise goes on the paralysis 
extends to the other fine musedes of the hand, the inten)ssei, lunibri- 
cales, and the muscles moving the little finger. And parallel witli tlie 
paralysis there is an atrophy in all these muscles, causing a flattening 
of the thenar and hypothenar eminences and a distinct thinning of the 
hand, producing a sulcus upon its outer side. The thumb can no 
long(!r be touched to the tip of the fingers, and as the interossei are 
flexors of the first phalanx, flexion of the fingers is confined to the 
second and third phalanges; the hand, therefore, cannot be closed 


Fig. 111. 



Hand and forearm In chronic spinal muscular atrophy, showlnfr esiiccially wasting of the thenar and 
hypothenar cniincnc«ts and of the abductor Indicis. (Dcrcuiii. ) 


firmly. A characteristic abnormal position is soon assumed by the 
hand as a result of this paralysis of the interossei. They no longer 
afford any opposition to the long flexor and extensor muscles. The 
long flexors Ilex the second and thin! phalanges, the long extensors ex- 
tend the first phalanx, hence the hand is thrown into a position (tailed 
main en yriffe or claw-hand. (See Fig. 112.) And as the interossei 
are much atrophied the tendons of the long mu.scles staud out 
upon the hand forming distinct cords which may be felt and stten. 
At the same time a paralysis of the thenar muscles results in a iiypcr- 
exteusion of the first phalanx of the thumb, with some rotation out- 
ward, so that the ball of the thumb is in a plane parallel with that of 
the palm. 

As a rale, one hand is invaded some months before the other, and in 
several cases I have seen the disease come to a standstill when only 
one hand was afiected ; but, as a rule, there is a tendcuesy to a gradual 
progress of the paralysis and atrophy, until both hands are almost use- 
less. Jn one case three years elapsed before this condition was nsiched. 
But liefore this stage is reached a progressive atrophy apjiears in the 
deltoids, first in one, and then in the other shoulder. In conscfpiencc 
of this paralysis abduction of the arms alwve the horizontal line is 
impossible, and when the patient is stripped it is evident that almost 
all abduction of the arm is produced by rotation of the shoulder-blade 
by the serratus maguus musede. 

The paralysis then extends from the deltoid to the biceps, brachialis 
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anticus, and supinator longus muscles. The supraspinatus and infra- 
spinatus are also aftectefl, producing a nmrk^ atrophy about the 
shoulder-blade, and later the teres and subscapularis liecome affectetl. 
In this condition the patient is completely paralyzed in the arms, 
which hang like flails at the side, and arc of very little use, flexion at 
the elbow being impossible by voluntary eflbrt. 

As the di8(siae pnjgi’esses beyond this point the atrophy attacks the 
muscles of the lanly about the shoulders. The serratus magnus is 
paralyzed, and then the shoulder-blade sticks out from the side of the 
body like a wing. The rhoml)oids, the levator anguli scapiilee, and 
the lower half of the trapezius become pandyzed, the should<!r-blade 
cannot be move<l, and the muscles of the back be(;omc so atrophied 
that all the bones are visible. Even in the extreme tsises,' however, 
certain muscles cscjiiw for some unknown retison — namely, the upper 
part of the trapezius between the oceipital bone and the clavich;, the 
triceps, latissimus dorsi, and the lower half of the pectondis major. 

Fio. 112. 



Atrophy and imralyala with main en gHffe In chronic anterior polioniyclitia. 


As these muscles stand out in e-ontrast to the atrophied musedes alwut 
them and contract because of the hick of opposition, deformity of the 
shoulders and of the neck is quite evident. 

As tlie disease cxtcmls tlie muscles of the neck are next invaded, 
and, as these hold the head in an erect posture, gravitation leads to a 
falling forward of the head, so tliat the chin rests upon tlie chest. 
This falling forward of the head is usually intensified by the contrac- 
tion of the sterno-elcido-mastoid muscles, which are not aflected by 
the disciisc. 

In the last stage of the case the paralysis and atrophy extend to the 
iutercostid muscles and to the muscles of respiration, so that all respi- 
ration becomes diaphragmatic. As a rule, patients die from some in- 
tcrcurrent disease when the atrophy and paralysis have reached tliis 
stage ; but in case they live the paralysis may extend to tlie 1^, cans- 
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ing a condition of paraplegia of progressive type such as hiis been 
already descrilKid in the first class of cases. Iii a luiinber of cases of 
both types tliere luis been an extension of the paralysis and atn)phy to 
the muscles of the fiice, of the tongue, and of the throat, pnxlueing a 
gradual dilBoulty in articulation, in swallowing, and in all movements 
of the face, and death by sulfociition or choking. 

The symptoms of this complication are more fully desciribcxl under 
the heiul of bulbar palsy. 

In all tliesi! forms of paralysis with atrophy there are frequent fibril- 
laiy contractions in the paralyzed muscle, which are both spontaneous, 
and can be ejiuse*! by percussion or by exixjsure of the limb to cohl. 
There are also progressive electrical changes in the musedes. A partial 
refiction of degeneration is the tyj)e of changtj most commonly found. 
The nerves react to both faradic and gjdvanic currents, but there is a 
progressive diminution in the degree of coutra(!tion, and hence very 
strong currents arc neccsstiry in order to produce any effwit. The 
muscles resjamd to the galvanic current very sluggishly, with a so- 
calhid “ vermiform contraction,” and usually rciict better to the jKwi- 
tive tlian to the uegiitive pede. Finally, all faradic reaction is lost, a 
complete reaction of degeneration develops, and as the musede lK!<!omes 
completely atrophied all niaction to galvanism is lost. Tlie knee-jerk 
is not affected in the disease until the rectus femoris becomes utn>plii(Hl, 
when it becomes gradually diminished, and finally is lost. Tu a few 
csises the reflex has been increased. As alresidy stated, sensation is 
normal from beginning to end, and there is no afie*etion of the 
sphincters. 

The duration of the disease varies very miudi in different eases. 
The most rapid «ise that I have Sitdi was two years in its duration. 
But an arrcst of the atrophy may «K!cur at any time in the course of 
the (sise, and hence the prognosis must be very guarded, as it is unjust 
to condemn thes(^ patients when there is still hope. 

While the majority of the cases corre8|Mmd to one of the three tyjHss 
described, it is not to Imj forgotten that a [)rogressive muscular atrojdiy 
may Ixjgin in any inustde of the bo<ly and advance to any other set of 
muscles with a most irregular (toursts. Thus Werdnig* hjis re|X)rte«l 
a case in which the psiralysis Ixigiin in the musedes of the baidc and 
glutei, then advanced to the neck an<l throat, and finally to tlie cxtrcmi- 
ties. Striimpell* Inis recorded a case in which the progress was frcm 
the hands to the forearms and then to the siioulder, in distinction fi'om 
the ordinary pix^ress from the hands to the shoulders. Others have 
described cases in which both hands and legs have been invaded 
together. 

Diagnosis. — As already stated, chronic atrophic paralysis may 
occur in several diseases. The differentiation of chronic anterior 
poliomyelitis from amyotrophic lateral sederosis is as follows : 

In amyotrophic lateral sclerosis there is an increase in the knee-jerks 

•Arch. f. Psych.,, xxvi., 708. 

•Deut. Zeitsclir. fiir Nervenheilk., iii., 6. 
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early in the disease, an early development of Babinski’s reflex — i. c., 
retraction of the groat toe and flexion of the other toes on tie.kling the 
sole — and increased mecihanieal exoitability in the muscles that are 
pnndyzc<l ; a tendency to rigidity in the movement of the legs, and 
some spastic rigidity of the arms ; also, an increase in the tendon re- 
flex at the c11m>w and wrist. In other wonls, tlu; symptoms of lateral 
sclerosis are addt^d to the symptoms of progressive muscular atrophy, 
and it is by a distxivery of these additional sympttmis that the diagnosis 
is made. The prognss of the case is usually more rapid in amyo- 
trophic lateral sclemsis than in (rhronic anterior poliomyelitis; and 


Fia. 113. 



Atropbjr of the muaclcs about the shoulder-bladea and arms In a case of chronic anterior 
|>ol{oiny«lilia. The triceps and latissimus donsi have escaped. 


bulbar symptoms cither appear early in the affection or precede the 
IKiralysis in the limbs. 

A differential diagnosis from muscular dystrophy is to be made by 
a consideration of tlie progress of the case and the succession of im- 
plication of the various muscles, which is quite chariicteristic in the 
different tyjMis of muscular dystrophy, and differs from tliat already 
dcscribtid. (See Muscular Dystrophy, Chapter XVI.) In muscular 
dystrophy there is never any fibrillary contraction in the paralyzed 
muscles. The atrophy of the muscles is often attended by a deposit 
of fat, St) that there is an appearance of hypertrf)phy in the muscles that 
are really atrophied. The tendon reflexes in muscular dystrophy are 
progressively diminished as the muscles become atrophied. The his- 
tory of tlie ca.se, its onset in childhood, its development in a child of a 
fiuwy in which other members have been known to be affected are 
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important facts in connection with the differentiation from progrt\ssivo 
muscular atrophy. There is no electrical change in the muscles affeeUnl 
in dystrophy. 

In the muscular atrophies that are consequent upon neuritis there are 
usually sensory symptoms and tenderness along the nerve trunks, and 
there is a history of one of the well-known causes. (See Cli. VIII.) 

In eases of paralysis of the ulnar nerve the distribution of the pa- 
ralysis and atrophy to the muscles in tlie hand may simulate progres- 
sive muscular atrophy, but it is to be remembered that in ulnar pjiral- 
ysis the first and second interossei escajje and there is usually some 
affection of sensibility in the little finger (sec page 18.5). J. R. Hunt* 
has described an atrophy of the hands due to a neuritis of the tlecp 
palmar branch of the the ulnar nerves occurring in certain workmen, 
who use the fingers, handling files ; and he considers that this neuritis 
is the cause of an atrophic paralysis of the hands dcscrilxjd by Gessler 
as an occupation atrophy. 

The symptoms of progressive muscular atrophy are sometimes the 
first symptoms to develop in a case of syringomyelia, but the subse- 
quent appearance of dissociated anassthesia (a loss of sensibility to pain 
and temperature, while that to touch is priisent) and of trophic symp- 
toms, ulccnitions of the skin, etc., together with the usual increase of the 
knee-jerks, will enable the diagnosis to be made. (See Chapter XVII.) 

A differentiation between pnigressive muscular atrophy and the 
Charcot-Marie *-Tooth® tyjw of atrophic jMiralysis is somewhat diflltaiU. 
That disosise appesirs in enrly youth. It produces a progressive mus- 
cular atrophy of the peroneal tyi>e in the legs and of the Arsin-Du- 
chenne tyjMJ in the hands, alwut simultaneously or in rapid su(!cessiou ; 
but the paraly.sis does not extend, as a rule, above the knees or elbows, 
though occasionally the muscles around the thigh and glutei are in- 
vaded. The contrast between tlie atrophied lower parts of the limbs 
and the well-develojK’el upper portions of the limbs is very markwl. 
Fibrillary tremor and reaction of degeneration are pn'sent in both dis- 
eases, but in tlie Charcot-Marie-Tooth type sensation is usually dimin- 
ished in the legs and feet and on the hands. In this disca.se a few 
autopsies (Hoffman, Muhlenburg, Dubrcihl and Marinesco) have dem- 
onstrated a peripheral neuritis with some po.sterior sclerosis, but no 
affection of the anterior horns. (See Chapter XVI.) 

Prognosis. — The prognosis in chronic anterior poliomyelitis is a 
serious one, as the tendency of the disease is to go on to extreme 
atrophy and death from respiratory or bulbar paralysis. It must be 
remembereil, however, tliat an arrest at any time in the course of the 
case is possible. Gowers maintains that the cases in which the disease 
begins on liotli sides simultaneously are more liable to a spontaneous 
arrest. When die disease has once been arrested there is no return of 
power and no increase in size in the affected muscles, which are per- 

*See J. R. Hunt. Occupation Neuritis. Jour. Nerv. and Ment. Dis., Nov., 1908. 

•Rev. de M^., February, 1^6, p. 97. 

•Tooth. Dissertation, London, 1880. Neurol. Centralbl., 1887, vi., 16. 
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manontly piiralyzed. If the disease starts up a second time after an 
arrest of its progress the prognosis is most unfavorable, as a rapid 
course is probable. Death otscurs from paralysis of the rt*piratory 
muscles, or from bronchitis or pneumonia consequent upon the dis- 
turbatiee of respiration, or from bulbar palsy 

Treatment. — Tlie treatment of chronic anterior pdiomyelitis is 
the Siime as that of acute anterior poliomyelitis in the chronic stage 
— namely, gencR.l hygienic measures ; go^ food, especially of fatty 
kind ; fresh air, and every means of keeping up the general nutrition of 
tlie patient. Exercise, while not prohibited, should be advised in gi’eat 
moderation, and, if the legs are affected, walking should be avoided, 
so as not to put any strain u|)on the paralyzed muscles. Any eff’ort 
which causes fatigue is sure to be followetl by an inctrease in the weak- 
ness and a more rapid atrophy. Any exhausting disease, such as an 
intercurrent attiick of the grippe, pneumonia, or any infectious fev'er, 
or a severe gastro-tmteritis is very likely to increase tlie paralytic 
symptoms. Thus in one of my {»atieuts who ha«l been in a stationary 
condition for a year an atbick of the grippe was followed ky a rapid 
incnsise in his paralysis. There is no treatment that will arrest the 
progress of the paralysis. Massage and rubbing are usually pwiscribed 
and may possibly aid in keeping up the genend strength by increasing 
the nutrition of the atrophied muscles. I have never se«m any Ijcnefit 
from the continued use of electricity, though it is usually prescribed. 
If it is used it should be with a curremt only sufficient to pnxlucc 
contraction in the muscles, and very strong or very many long-con- 
tinued applications are to be avoided on the same principle that exer- 
cise is to lie avoided. The muscles should not be overworked or 
fatigued. In one case the use of mechanical massage and vibratory 
treatment at the Zander Institute caustxl marked improvement and was 
followed by an arrest in the progress of the disease for a year. 

General tonics arc of distinct serviexi, and I have seen temporary 
improvement from the employment of strychnine, grain, three times 
a day for four days in die week, alternating with arsenic, grain 
three times a day for the other three days of the week. Some autliors 
recommend the hypodermiis use of strychnine, but in a long-continuixl 
chronic disease of this kind very little advantage is to lie obtained, and 
the dangers attendant upon.septic infection arc many Apparatus may 
prevent deformities and assist weakened joints to bear the weight of 
the body after walking becomes impossible. 



CHAPTER XV. 


AMYOTEOPiriC LATERAL SCLEROSIS. 

This is a chronic progressive form of spinal jiamlysis characterized 
by the symptoms of progin-ssive muscular atrophy in the arms and of 
lateral sclerosis or spastic paraplegia in the legs. It was first deseribc<l 
by Charcot in 1872 and was careiully studied by his pupils, Clombault 
in 1877 aiul Debove in 1879. It has l>ecn csilletl Charcot’s disease. 
But while Charcot believed that it was a disease of the spinal cord 
only, it is now known that all the motor elements of the nervous system, 
from the cortex of the brain to the termination of the nerves in the 
feet, are involved, both the cortico-spinal and spinomu.s<!ular elements 
being simultaneously affected. 

Pathology. — The {Mithologiciil condition consists of, first, a grjMlual 
progressive atrophy in the motor ncumnes lying in the anterior horns 
of the spinal ceri, similar to that deserilxsl as (Meeurring in chronic 
anterior poliomyelitis. This is sometimes limite<l to the cerviteal region, 
but in long-continued castes the lumbar region is affected and in Sf)me 
csiscs the entire teorl is involvetl. Theste ehanges in thte cells are also 
present in the motor nuclei of the orinial nterves in tlie mcKlulla and 
pons. Secondly, in addition to these teliangtes in the spinomusteular 
element, thtere are atrophy anti degeneration in thte tettrtieo-spinal ele- 
ment wiiiteh lies in the lateral pymmidal, anti antierior median columns 
of the spinal ct)rl. These changes have been followetl upwiirl through 
the metlulla, pons, crus, anti internal capside to the mobtr cells of the 
brain. Anti recent investigation has shown that in the majority t)f eases 
of iidvaneetl amyotrophic lateral sclerosis there is a tlegencnition, with 
atrophy of tht) larger cells of the second and thirl layers tif the t:<trtex 
abtait tlie fis.sure of Rolando, which are the neurone btxlics of the 
cortico-spinal elemenis of the motor system. This dt>gt!nt>nition of tlie 
cortico-spinal elements begins in the ends of the axones in tlie spinal 
corl and advances upwarl until the entire neurone, of whatever length, 
liecomes affected and atrophied. The sclerosis is a replacement hyper- 
plasia in the spinal corl, the increaswl connective tissue taking the 
place of the atrophieil nervous elements. The s<!lerosis is not wholly 
limite<l, however, to the motor trusts in the corl, but is prestint thrmgh- 
out the antcro-lateral columns in the vicinity of the gray horns, as in 
chronio anterior jM>liomyelitis. (See Fig. 1 14.) It is evident, there- 
fore, that the association tracts belonging to the motor system of tlui 
cord are involvetl as well as the longer voluntary tracts ; hence this 
disease is one of the most widespread of all the so-called “ system 
diseases ” of the spinal cord. 
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The point of beginning of the pathological process varies in different 
cases. In some cases it is evident tliat the lesion begins in the cervical 
region of the spinal coni in the gray matter, and hence the symptoms 
first appear in the muscular system of the arras. This has been the 
course in about 60 jier cent, of my enses. It Wi«s the course in 39 out 
of 81 casts analyztKl by Collins.* In other cases the lesion commences 
in the lateral columns of the cord, and then the spastic paralysis of 
the legs is the first evidence of tlie disosise. Tliis is the second form 
and has been the history in 30 jMir cent, of my cases and in 14 of 

Fig. 114. 



The iesions in amyotrophic lateral sclerosis, lumbar region. anterior horn, atrophied and 
sclerotic, no cells remaining; posterior horn; C\ posterior tierrc root; />, {losterior Heptuiu; 
posterior commissure; F, anterior comiiiissiiTe ; fir, anterior tissure; 7/, antcro-latcral column, slightly 
acIcroUc ; /, posterior column ; «/, lateral pyramidal tract, sclerotic. (Bloctp) 


Collins’ cases. In either (Kise in the course of the disease both sets of 
symptoms apjiear. In the cases that begin in the spinal cord the ten- 
dency of the disease is to extend to the medulla and pons, so that 
symptoms of bjdbar paralysis ensue and terminate the case. In other 
csises, however, bulbar paralysis is the first disease to appear, and later 
on, after its symptoms are well marked, the symptoms of spastic para- 
plegia or of progressive muscular atrophy in the hands indicates that 
the original disease was not simply bulbar palsy, but amyotrophic 
lateral sclerosis. This has been the course in 10 per cent, of my 
cases. It was the course iu 25 per cent, of Collins’ cases. The lesion 

• J. Collins, American Joiiraai Medicai Sciences, June, 1903. See also Ilaenel, 
Arch. f. Biych., Bd. xxxvii., Th. 1, 1903. 
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is a slowly progressive one, occasionally comes to a standstill for a 
time, but never has any tendency to recover, regenci’ation not appear- 
ing in the degenerated n(;urones. 

Etiology. — Very little is known about the causiition of this disciise. 
It develops in persons between the ages of thirty-five and fifty years. 
Cold, overexertion, various forms of poisoning, either by alcohol, 
arsenic, lead, mensury, or by toxins of infectious distiases, or from auto- 
intoxication through disturbance of the gjistro-intestinal tract, rheuma- 
tism, gout, and duilxites have all been mentioned as causiss without any 
absolute pr(K>f. There is no proof that the affection develops siibse- 
(jueutly to syphilis. Gowers has seen it deveJop after severe injuri(>s. 
A. probable theory of the affection is that in certain familic's a con- 
genital weakness of the motor elements of the (Hiutral nervous system 


Fio. 115. 



Sclerosis of tlio spinal cord. The S|i«cinicn Is taken from the border of the lateral pymiiiidnl tract 
in a case of amyotrophie lateral sclerosis. The iip|icr part of the siiccimcn is normal : the lower |Hirt 
is sclcmtle, and in this imrt few or no flbres remain. 


is pixisent, a fact whitih receives some support from the occurrence of 
the disease occasionally in several members of the sjjme family. In 
some ciises an extensive endarteritis has been found in the spinal 
blootlvesscJs, and tliis has been supjjosed to be the ciiuse in these castis. 

S3rmptoms. — Amyotrophic lateral sclerosis usimlly begins with 
stiffness in the muscles and ineretised reflex excitability, soon followed 
by atrophy and paralysis in one or Imtli hands, the small muscles of 
the hands being the parts first affected, as in progressive muscular 
atrophy of the Aran-Buchenne type. The paralysis then advances to 
the foreiirm.s, though occasionally it apiiears in the muscles about the 
shoulders before those of the arms are invaded. Paralysis and atrophy 
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go hand-in-hand, and the wcakneas is proportionate to the size of the 
muscle, lus in progressive muscular atrophy. Fibrillary contractions 
are prt;sont in the muscles from the begiuuing of the discjise, aud may 
be elicited by exposure to cold or by jMjrcussion. The oriicr in which 
the various muscles are invaded com\sponds quite closely to that de- 
scribed in progressive muscular atrophy of the Arau-Duchenne type. 
When all the symptoms are well-ileveloptid in the uj)per extremities 
the arms are ad(lucte<l to the body, the forearms are pronated, and the 
hands flexed or in the position of main en ffriffe. There is some 
resistance offcrctl to passive movements, as the muscles arc rigid and 
s|>a8tic even when jpiite weak. 


Fig. 116. 



Eztromc ulroph; of the thenar, byimtbcnar, and intorosael miiacica of the handa in amyotrophic 
lateral acleroaiii. (I)t;jerine.) 

The symptoms appearing in the legs may follow or precede those in 
the arms ; but, as a rule, a considerable length of time (sevtiral months) 
intervenes between the two. When the disease begins in the legs the 
early diagnosis is lateral sclerosis. The legs become stiff, and the 
muscles rigid, so that the patient moves them with some difficulty; the 
knee-jerks are increased, and ankle clonus and the Babinski reflex can 
1)6 elicited. The gait becomes a true spastic gait, with short steps, 
scraping of the foot upon the ground, tendency to overlapping of tlie 
knees and feet, and great rigidity in bending of all the joints. The 
muscles of the legs do not atrophy in the early stage and are not the 
subject of fibrillary twitches. The symptoms may not begin in both 
legs at the same time ; in fact, one leg may l)e quite rigid for several 
months before the other is attacked. The rigidity gives rise to some 
aching and discomfort in the muscles, but there are no sharp pains, 
and tliere are no sensory disturbances either of the nature of anees- 
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thesia or iiarsBSthcsia. The bladder and rectum are not in any way 
affected. 

In diis (!ondition of partial paralysis the patient may i-emaiu for 
several moudis, tlic disease coming to a standstill, or the (lisease may 
go on progressively. One patient in my clinic; remained in a station- 
ary state for four years after all these symptoms had dcvelo|)ed. If 
it progresses the spastic rigidity of the legs l)ccomcs so intense that 
walking is impossible, and the patient is confined to the bed. Then 
the muscles which have hitherto been rigid begin to atrojdiy, and to 
show fibrillary twitc;hings, and the spastic paniplegia is succ:ecHic;d by 
a flaccid pariily.sis c^uite similar to tliat which has appeared from the 
outset in the hands and arras. 

Sometimes the (Miralysis extends from the up|)er extremities to the 
nec;k, the head falls forward, the chin resting on the sternum, and die 
head cannot be niised or turned. 

Some months before complete paralysis has developed in the arms 
it is cjommon to observe some symptoms of bulbar psilsy. A few cases 
begin with these symptoms, and only develop paralysis of the arms 
anci legs later. The first symptom noticed is a disturbance of speech 
due to a paralysis of the muscles of the tongue, lips, mouth and palate. 
The speech is slower, pronunciation being clifiicult ; the voice becomes 
monotonous, possibly nasal and indistinct, and finally pronunciation 
of both linguals and labials is so imperfect that it is with difficulty 
that the patient is understood. As this paralysis goes on the tongue 
becomes thin, is thrown into folds, and shows fibrillary twitchings, and 
cannot be freely moved and protruded from the mouth. The palate 
also becomes paralyzed, the uvula is no longer properly elevated, and 
hence swallowing is imperfect, fluids return through the nose, and 
attacks of choking are frequent. The face also gradually becomes 
paralyzed, especially in its lower portions, it is flattened so that there 
is a mask-like expression, and gradually all expression is obliterated. 
Whistling, blowing, or kiasing is impossible. The mouth is partly 
open, the saliva runs from the comers, and the act of chewing is in- 
terfered with on account of the paralysis of the ch(;ek8 and on account 
of the weakness of the muscles of mastication. The muscles of the 
face may show some fibrillary twitching for some time before they be- 
come paralyzed. Finally the upper branches of the facial nerve are 
affected, patients cannot close the eyes, but the ocular muscles do not 
often share in the paralysis. One or two eases have been reported in 
which the Ai-gyll-Robertson pupil has been present.* The inability 
to swallow may cause death from choking or from respiratory paralysis, 
or a pneumonia may develop from irritation of the lung by particles 
of food which are inhaled. 

One of the characteristic symptoms of the disease is the great in- 
crease in the muscular irritability in all the muscles that are affmted. 
Percussion, either on the muscle or on its tendon, causes a quick, 

* Schlesinger. Obersteiner’s Arbeiten, 1900, vol. viL, p. 154. Zur Kenntnw atyp* 
ischc Formen der Amyotrophischen Lateralsclerose. 
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unusually sharp ciontnictiuu, and this exsiggeration of reflox activity 
throuf!;hout tlie entire laaly, both in the musciles that are atrophic an<l 
in those that are spastic, is characteristic of tlie disease, and is not 
present iu pn)gressive niusctdar atrophy. Percussion of almost any 
point uj)ou the limbs — on the mnscde, tendons, or the jxjriosteum — 
produces sudden tiontraction of groups of muscles, and sudden exten- 
sion of any tendon may be followed by a clonus. Percussion of the 
facial muscles, especially of the masseter, and of the jaw produces sud- 
den contractions and even the chin reflex may be so exaggerated as to 
give rise to a clonus. 

The atrophic paralysis is usually attended by cramps and also by 
deformities {main en griffe or dmp-wrist) such as appear in pmgrisssive 
muscular atrophy. If deformities occur iu the leg talipes may develop 
from contracture of the posterior tibial tendons. 

In the later stages of the discjise the muscles of the trunk and 
shoulders and neck may become atrophied, so that sitting up or lifting 
the head is impossible. 

The electrical examination shows a diminution of excitability both 
to faradism and giilvanism, the muscles that are atrophied requiring a 
stronger current for the production of contraction. A partial reaction 
of degeneration may also be found. 

Tachycardia occjisionally develops in the later stage of the disease, 
as in bulbar pdsy, and usually is an exceedingly serious symptom, as it 
may cause deiith. The bnun is not in any way aftected, exce])ting iu 
its motor rt*gion. Intelligence is pres<!rv(!d, (•ousciousuess is not 
affected, memory is not impaired, and epileptic atbicks do not occur. 
Occasionally, however, as in btdbar palsy, an unusual emotional ex- 
citability develops, and caiuscless crying or laughing indicate a weiiken- 
ing of the patient’s power of self-control. 

The duration of the disease varies between two and ten years, de- 
pending entirely upon the time of onset of the bulbar symptoms, which 
arc the immediate cause of deatli. If these symptoms appear early or 
are the first to occur the patient rarely lives more than two years. If 
the symptoms first appearing are those of lateral sclerosis the «ise may 
last for many years. The immediate cjiuse of death is usually dis- 
turbance of respiration or suffocation from food getting into the larynx, 
or pneumonia from food being received in the lungs, or from heart 
failure. 

The course of the disease when it begins with bulbar palsy is illus- 
trate«l by the following Ciise : I. D., aged forty-two years, had been 
much exposed to wet, to extreme heat, and to cold in his occupation, 
and had suffered from muscular rheumatism for yeiirs. In February, 
1889, he noticed double vision, due to a weakness of the left external 
rectus muscle, and ptosis which first affected the left eye and then the 
right eye. The ptosis gradually subsided, but the strabismus re- 
mained. In March, 1889, his speech beciime thick, and in April he 
began to have difficulty in swallowing, fluid food coming out of his 
nose. In May he noticed difliculty in chewing, and his friends saw a 
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change in his facial expression duo to a weakness of all the facial 
muscles. During all this time he fidt an imrreasing weakness iu all 
his movements. His neck had become stiff and his head tended to fall 
forward and was held with chin projecting beyond the line of the 
body. On several occasions after March, 18H9, he had fainting attacks 
in which he became pulseless and pale. In June, when T ssiw him, he 
was thin and pale, clear in his mind, but feeble in all movements. 
His eyes were both turned in a little and his left eye looked up. He 
had corresponding double images, but no nystagmus and his pupils 
were normal. His optic nerves were normal. There was anosmia on 
the left side. His sensiition in the face was normal, but the muscles 
of masticiition were atrophied, did not reaxit to faradism, and were so 
wejik that chewing was impossible. He moved his jaw with his hand 
and gave it consfemt support. His face was expressionless ; he could 
not whistle ; fowl collected in his chwjks, but all his ftuiial muscles 
could be slightly moved, and reacted to faradism. His palate was 
paralyzed, and it was to this cause that his defect of speech wius due, 
as the tongue wtis not paralyzed or atrophied. His neck muscles were 
weak. There was an atrophic condition of the thenar muscles and 
interossci in the hands, and marked weakiuiss iu all the musekss of the 
foresirm. The deltoid and muscles of the arms were in goixl <!ondi- 
tiou. His gait wiis slow and feebh', l)ut not spastic ; but his knee- 
jerks were exagg;ratcd and ankle clonus was obtained. He con- 
trolle<l his sphincters well. During the folh)wing year his paralysis 
in<!r(!as(!d in his arms and legs, his inability to talk became more ap- 
piirent, and in August, 1890, he choked to death. 

In the following case the symptoms began in the leg on one side : 
A woman, aged forty-five years, liegan to suffer from weakness, fibril- 
lary twitchings, and atrophy iu the right leg, with njaction of (hgeneni- 
tion iu the muscles supplicnl by the peroneal nerv(^, in February, 1890. 
This was supposed to be due to traumatism of the nerve, as she ha<l 
had an injury. But iu April, 1890, an atrophy had begun in the 
thenar and hypothenar eminences of the right hand. These symptoms 
increased, and in October, 1890, she was almost completely paralyzwl 
in the entire right side and partially in the left side, there being every- 
where an atrophic state of the muscles with fibrillary contnictious and 
reaction' of degeneration. There was no pain, no sensory disturbamic, 
no blad<ler or rectal symptoms. The tendon reflexes were increased. 
During the winter of 1890—1891 the paralysis extemled, and she was 
finally confined to the bed. In April, 1891, the muscles of her throat 
and face were affected, and in July she died of respiratory paralysis. 

Diagnosis. — The diagnosis of this affection does not present any 
difficulties. The muscular dystrophies are not attended by fibrillary 
twitchings or by increase*! tendon reflexes or by bulbar symptoms. 
Bulbar paralysis is not, as a rule, attenderl by any spinal symptoms or 
paralysis, or increased rigidity, or increase*! knee-jerks. If such symp- 
toms develop in the course of bulbar paralysis it is evident that the 
disease is a true amyotrophic lateral sclerosis in which the bulbar symp- 
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toms hav« been the first to appear. Compression of the crervical por- 
tion of the spinal <!ord by tumor or by pachymeningitis is usually 
attcn(l(;d by pain in the shoulders, neok, and arms, by stiffness of the 
cerviciil vertebraj, and pain from pressure. Localized compression of 
the .spinal ciord, such as occurs in these diseases, if attended by sjiastic 
ptniplegia is usually attended also by sensory disturbances and by an 
affection of the bliidder and rectum. The diagnosis from syringomyelia 
is made by the alxsence of sensory disturbances or trophic affections, 
and, as is wtdl known, in this disease bulbar symptoms, while occa- 
sionally developing, are unilateral and do not present the typical fea- 
turcs of a bulbar palsy. Tumors of the spinal cord of the nature of 
gliomatosis give rise to sensoiy symptoms as well as to spastic para- 
plegia and progressive muscular atrophy. The stime is true of chronic 
myelitis. In any (sasc of primary lateral sclerosis it must be remem- 
bered that spastic paraplegia often gties on to atrophic paralysis. 
Hence many cases of true amyotrophic lateral sclerosis beginning with 
symptoms of spastic paralysis in the legs are suppo.sed to be primary 
lateral sclerosis. Time alone can decide between the two affections. 
In a large number of cases diagnosticated as latenil sclerosis the lesions 
of amyotrophic lateral sclerosis have been found. 

Treatment. — The only treatment is general tonic treatment. It is 
well to prevent all strains and exertion and to build up the general 
health in every way possible. Massage is to be used and electrical 
applie.ations, but with the same caution against over-fatigue of the 
muscles by these measures as has been mentioned in connection with 
the treatment of chronic anterior poliomyelitis. Ivong-continued warm 
baths and douches without very great alternations of temj)cratures are 
of considerable service in mainhiining the nutrition. AVhen the bulbar 
symptoms ap|)car the patient should be instnicted in the art of pa.ssing 
a tube into the stomach, so that as soon as difficulty of swallowing 
appears nourishment may be carried on in this manner, and thus the 
danger of suffocation nmy be avoided. The use of strychnine does not 
appear to retard the progress of the disease, and, in fact, is objection- 
able on account of the tendency to spastic paraplegia. 



CIIArTER XVI. 

MUSCULAR DYSTROPHIES. 

The Classification of Various Forms. Etiolofiy. Pathology. Pseiulomiiscnlar Hyiier- 
trophy. Erb’a Juvenile Fonn of Dystroi)hy. Landouzy-Dojcrine Form of Dys- 
trophy. Muscular Atrophy of the Peroneal Type. Myotonia Congenita, Thomsen’s 
Disease. 

Thebe are certain form.s of paralysis appearing, as a rule, in early 
life that are dne to mnscular and not to nervous disease. These have 
bt*en named the muscular dystrophies. The muscles appear to l)e 
affected primarily by a progressive atrophy. This atrophy involves 
the fine muscular filaments ami proceeds slowly until in the end even 
the largest muscles may be reduced to a small band of connective 
tissue. In some cases there occurs a deposit of fat around the atro- 
phied musctle fibr<?s, filling up the empty spaces within the muscle so 
that no apparent atrophy occurs. In some cases this deposit of fat is 
abnormally great, increasing the size of the muscle until it may be two 
or three times its normal diameter, and producing the appcaramic of a 
large; muscle where there is really an atrophied muscle. This form is 
termed pseudomuscular hypertrophy. In other cases there is a true 
hypertrophy of the muscle fibres. Inasmuch as any form of muscular 
dystrophy produces at first paresis and then paralysi.s, it is very 
natural that these mu.scular dystrophies should be mistaken for spinal 
paralyses, though a brief study of their characteristic features will 
make it clear that no such mistake is warranted. 

The muscular dystrophies have been classified by Erb,* who has 
gathered and analyzed all the facts in regard to this affection, more 
completely tlian any other author. Erb distinguished first between 
cases occurring in infants and those developing in adult life, though 
this distinct!*)!! iippesirs to be of little moment, inasmuch as an analysis 
of a large number of cases demonstrates that the disease may develop 
at any age. It must be admitted, however, that a very hirge propor- 
tion of the cases appear in infancy or childbofxl, and that when adults 
are affected the disease usually begins before the twentieth year. Erb 
further classified these cases, first into those in which there is an hyper- 
trophy of muscular tissue, either a pseudohypertrophy or a true hyj)cr- 
trophy of the muscle fibres, and, secondly, those in which there is a 
progressive atrophy without any de{)Osit of fat. This cla.ssification, 
while of value clinically, appears to rest upon no essential pathologuial 
factor, for all grades in the process are possible. In some cases the 
deposit of fat is excessive, causing pseudohypertrophy ; in other cases 

*Deut. Zeitschr. f. Nervenhk., i., 13 and 178. 
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there is a dejwsit of fat taking the plaee of atrophied muscle, but 
without piKHlucing any apparent change in the size of tlie muscle, and 
in many cases of extreme atropliy of tlic muscles fatty deposits are 
found between the muscle fibres; hence this classification does not 
rest upon a puthologiud basis. And wc may find all tliese conditions 
in dittereut muscles in the same patient. 

A further (dassification has been based upon the distribution of tl»e 
affection in different muscles. Here, unfortunately, the different types 
have l)een named after the observers who happen to have first «!arefully 
dcscribeil them. Thus we have the Duchenne type of pseudohyj)er- 
trophy, and Ave have the Erb type of juvenile dystrophy, in Avlii<!h the 
muscles about the shoulder-blades and arms are chiefly affected. Wo 
have the Sachs-Hoffman type, in which the affection licgins in the 
peroneal muscles of the legs. We have the Landouzy-Dejerine type, 
in which the mustJes of the face and arms are aflecte<l, and we have 
the Charcot-Marie-T«x)th type, in which legs and forearms and back 
are aflectetl, thighs and arms and face escaping. It is true that the 
various cases ob.served conform in many particulars to one of these 
different types, but there is no essential difference betwc'en them in the 
causation or in the pathology. And intermediate types have been 
observed not conforming to any of these. Furthermore, it is found 
tliat one type may progress and gradually merge into another. It is 
evident, therefore, that these attempts at dassification in the discus- 
sion of muscular tlystrophies are not wholly satisfactory. 

Etiology. — The caussition of muscular dystrophy is a matter of 
considerabl<! interest. The disease is undoubtedly a disease of develop- 
ment, and from its marked tendency to appear in very early life, to 
attain a certain shitus, and then to be arrested witliout any tendency 
to repair, or else to progress steadily until it (tsiuses an entire destruc- 
tion of tlic muscular system, it seems probable that it must be traced 
to au inherent defect of development in the muscles affected. It 
seems jus if these muscles were not endowed with the proper vitality, 
and, after a short life, wither and die. 

We have evidence in other orgjins of the body of tliis difference 
l)etween the life-period of a special structure and that of the entire 
body. Thus the life-period of the first and even of the second teeth 
is a compjiratively short one as related to the life-period of the indi- 
vidual. The life-j)criod of the hair, of the reproductive system, of 
the eye and ejir, and of the brain may be less than that of the entire 
individual. We see in the study of optic atrophy and of auditory 
atrophy that there are some families in which these diseases develop, 
even in early life, Avithout apparent cause, the only explanation being 
that these nerves have not the power of survival which other nerves 
have. We recj^nize the existence of senile atrophy of the brain in 
old jige, but we must jidmit that the term “old age” cannot be fixed 
within definite limitations, for some individuals become old at the age 
of sixty years, while others arc young and vigorous at the age of 
eighty years. I have now under my observation a lady of the age of 
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ninety-nine yeiirs, all of whoso visceral functions are as vigorous and 
active as they were at the age of seventy, but whose bniin for the piist 
ten years has Ixicn practically detid, powers of iK:ret;ptioii in eye aud 
car being suspended, powers of memory being almost obliterated, and 
p<iwors of reasoning being reduced to the level of a child of three 
years. Thus, it is evident that the organism as a whole may outlive 
any one of several of its organs, provided these organs are not essential 
to life. And the duration of vitality of any organ varies greatly in 
different individuals. This fact is particularly evident in regard to 
the reproductive system both in males and females, aud it is c<]ually 
apparent in regani to the muscular system. For it is a matter of 
comment that the muscles of old people wither and become feeble long 
before their death.* 

It is quite evident from the ex)nsideration of these facts that the 
explanation of muscular dystrophies is to be found in an inherent 
inability of survival of certain muscles in cerhiin individuals. In 
other words, that the disease is one of congenital defective power of 
evolution. This explains to a cxirtain extent the frcjcjucmcy with which 
wc find that several meralccrs of a family are affcjcted by this type of 
disease. It is tme that isolated cases are not uncommonly met with 
where careful investigation fiiils to reveal any member of the family or 
any meunber of any collateral branch similarly affected. But in the 
majority of cases it is found that if the patient has no brother or sister 
similarly diseased, or has not inherited it direcjtly from cither parent, 
he will have several cousius who have suffenHl, possibly several stcconci 
cousins who have suffered, and it is not uncommon to be able to trace 
the disease! through four or even five generations. 

Whether extraneous causes, such as undue muscular effort, exposure 
to cold, the unfavorable effects of the occurrence of infectious disciises, 
falls, and blows, have anything to do with setting up the disease in 
those who have au inherent tendency toward weakness of the muscles 
is a matter which may be open to doubt, though these factors have 
been mentioued as exerting a causative agency. 

Pathology. — The cliangcs found in the miisdcs in this disease arc 
those of a simple progressive atrophy. It will 1x3 rememberiHl that 
the muscle fibre, which may be f) cm. long and from 1/5 to fi.') mm. 
broad, has a striated apjKsarance due to the existetice of two types of 
structure within its substance, one of which interrupts the light more 
completely than the other. Each muscle fibre is surrounded by a 
sheath of connective tissue (the sarcohmima) within which lie nuclei 
or long oval (Kills from which the muscle fibre itself has deveIo[K*d. 
These muscle fibres, surrounded by the sarcolemma, are really miide 
up of fibrils of very fine structure, earfi fibril originating from a single 
cell, and the fibrils arc sejMirateHl from one another by a structure 
termed the sarcoplasma ; hence, under the microscope a muscle fibre 
has a double striatiou, a transvcirsc striation, and the longitudinal 
fibrillar structure. These fibres are gathered into greater or lesscir 

* See Gowers, Abiotrophy. Ixmdon, 1903. Published after this cliapter was in type. 
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bundles, forming the muscle, and Uiey are suppllc<l by nerves whose 
terminal filaments spread out upon the surface of the fibre in the so- 
called motor plate. Witliin the muscle and within the fibres lie oval 
bodies csdled tlie muselc spindles which contain the sensory filaments 
through which the muscular sense is received. (See Fig. 9, page 25.) 

When a muscle undergoes atrophy we may find, first, a simple reduc- 
tion in the calibre of the individual fibres. (Fig. 117.) There is a 


Fio. 117. Fra. 118. 



Atrophy of a niiifwle, with Increase of nuclei. Atrophy of muscle, with dcfiosit of fat alxiut the 

X ZiiO, (Schiuaus.) atrophied tlbrcs. X 250. (Schmuus.) 


thinning in the entire fibre, which becomes narrower anti shorter, jirc- 
serving until the end its striated appearanee, tliough it becomes jialo 
and sometimes a little pigmented by the deposit of eoloring matter. 

Secondly, in other eases there is a degeneration of the muscle, con- 
sisting of a swelling or oedema, followed by an albuminoid or fiitty dc- 
gcnenition of the mustde fibre, resulting in the de|)osit of small fatty 
globules and granular masses witliin the sarcolemma. As the muscle 
becomes degenerated the individual fibre contracts, obliterating the 
striated appearance, leaving the muscle with a homogeneous, smooth, 
or yellow tint. As the process goes on all trace of the musc-ular suli- 
Btance may vanish, leaving the sarcolemma containing only fatty 
globules. Sometimes waxy deposits may occur within the muscle, 
wth compression and obliteration of the fibres, but this is not com- 
mon in the dystrophies. Occasionally as the muscle undei^oes progres- 
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sive atrophy its sheath is filled up by an oedcmatous exudation. But 
usually there is merely an increase in the cells of the sarculenmia. 
Under some circumstances there is not only within these empty sareo- 
lemma sheaths a fatty remainder of the degenerated muscle, but be- 
tween the sheaths there is an actual de{M)sit of fat of new formation. 
(See Fig. 118.) Under these circumstancies not only is the space 
formerly occupied by the normal muscle filled out by fat, but the fatty 
deposit may increase the actual diameter of the musede ; and if this 
goes on to any extent pseudohypertrophy of the muscle will Imj pre- 
sented. Along with the fatty deposit there is usually an hypertrophy 
of the connective tissue in the muscle, so that when the process be- 
comes extreme the muscle is turned into a mass of fat separated by 
trabeculae of connective tissue. If, after the course of time, the fat is 
reduced in volume and is finally absorbal the muscle will have as its 
only relic this connective-tissue strand, and as this contracts longi- 
tudinally it will cause a shortening of tlie atrophied muscles. 

Thirdly, along with the atrophy we find occasionally a true hyper- 
trophy of individual muscle fibres. The fibrils are iucreased by true 
formation of muscle tissue from their nuclei within the sareolemma, 
ami not only incrcaasd in number, but also iucreased in lateral diam- 
eter, so that giant mustde cells and giant muscle fibres quite similar in 
structure to a normal fibre are evident. Any of these processes may go 
on alone or may be combined with others in the process of mustmlar 
dystrophy. The connective-tissue changes which were for a time 
thought to be primary have long been known to be of a secondary 
nature, a hyperplasia of connective-tissue within the muscle occurring 
just as a hyperplasia of neuroglia occurs in the spinal cord to take the 
place of atrophied substance. In the connective-tissue near to the ends 
of the muscle ucw formations of thick teiulons may be srien. 

These changes in the muscles arc found in all forms of muscular 
atrophy both spinal and peripheml. It is thought that in the dys- 
trophies the development of hypertrophy of the muscle fibre in con- 
nerstion with the atrophy is a peculiar feature of the disease. It is not 
often that dejwsits of fat arc found within the mnscjles in the spinal 
and peripheral types of atrophy. 

Symptoms. — From the clinical standpoint we recognize the follow- 
ing types of tlic disease, the symptoms of which differ distintdly I’rom 
one another : 

1. Pscndomuscular hypertrophy of Duchenne. 

2. Erb’s juvenile dystrophy. 

3. Landouzy-Dejerine type of dystrophy. 

1. Pseudomuscular Hypertrophy. — This disease begins in children 
between the second and the seventh year, and has often ma<le consid- 
erable progre.ss before it is brought to the attention of the physician. 
It begins by a gradual incresise in the size of the calves of the legs, 
which are at first subjects of pride to the mother, but soon awaken her 
apprehension because of being out of proportion to the growth of the 
rest of the limbs and because they appear to be attended by a certain 
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clumsiness of gait. The child, iu learning to walk or in walking, be- 
gins to stumble, to go up stairs with some difficulty, to get tired too 
soon after walking or running, and to walk with a peculiar gsvit. 
This gait is characterized by a dragging of the legs, which appear to 
be raisetl from the ground with difficulty, and in ortler to drag the leg 
the child throws its body from side to side and raises its |)elvis iu the 


Fio. 119. 



P^udohypcrtrophic muscular dystrophf. Four brothers, aged twelve, eleven, eight, and seven 
years. I1ie calves and the anterior surface of the thighs are hypertrophied. The muscles of the back 
arc atrophied. The eldest has so much weakness of the muscles of the neck that he cannot hold up his 
head. (Cursebmunn, Klin. Abbildungeu.) 


act of walking. As the disease progresses groat difficulty is experi- 
enced in rising from a chair or in getting up from the floor, and these 
children soon learn to aid themselves by tlie use of their hands, which 
give support where the muscles of the legs are weak. When the dis- 
<*a.se is well advanced these children rise from a lying to a standing 
pf)sturc in a peculiar manner that is characteristic of weakness in the 
muscles of the calves, quadriceps femoris, and glutei muscles and 
muscles of the back (Figs. 120 to 124). This typical method of getting 
on the feet, together with the peculiar waddling gait, is sufficient to 
make a duignosis of the affection. When the disease is fully devel- 
oped inspection shows an hypertrophy of th^ muscles of the calves 
(Figs. 125 and 126), an hypertrophy of the anterior muscles of the 
thighs (Fig. 119), and an atrophy of the glutei muscles. An atrophy 
of the’ muscles of the back produces a condition of forward curvature 
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of tlie spine and causes the child to throw his shoulders back in order 
to preserve his centre of gravity. Even iu the early stage of the dis- 
ease, before the muscles alraut the sciipulse are afieeted, it is found tluit 


Fia. 120. 



Fseiiduhyiicrtniphic pnralysls. The act of rlsiDg. The child rolls over on the Tacc. 


if a plumb-line be dropjied from the scapula it will clear the buttocks. 
This is not possible in a state of health. 

As the disease advances upward the arms liccome affected, the in- 
fraspinati arc the first to be hypertrophied, so that the child appears to 


Fio. 121. 



l^KJUdohyportrophic pfirnlysifl. The act of riRfn^. The child raise;} the trunk on hands and knees 
This iKmltiou shows the weakness of the muscles of the neck and the atrophy of the anus. 


have a very prominent pad on the back of the shoulder-blades. The 
supraspinatus and deltoid may iMicome hypertrophieil also, an<l some- 
times the triceps and biceps as well, but in the majority of cases 
these muscles atrophy without any deposit of fat. While these 
20 
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iimsclcs liyiK'rtropliy other niusc;lcs alwut the shoulder become atro- 
phied; thus the rhomboids and levator anguli seapulm, aud also the 
serrati betrome atropliiitd aud [Kiraly/xid, and hence the shoulder-blades 


Fio. 122. 



PneuilDliypiTtrophic piiralysis. The net of rising, Tho iliilil raises the trunk by liringing the feet 
forward aud extending the legs at the knee. 


FlO, 123, 



l*Beudnhypertrophlc paralysis. The aet of rising. The ehild raises the shoulders by siipportlng the 
weight on the liand pressed upon the knee. 
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stick out from the back like a pair of wings (Fig. 125). Biceps and 
truicps may then in turn atrophy, roiKlcring all motions at the shoulder- 
joint imperfect and nuiking flexion and extension of the elbow very 
weak. As a rule, the muscles of the forearms and of the hands are 
not affectctl. 

After the muscles are e^Jiisiderably atrophie<l, with or without the 
production of pseudohypertrophy, a contraction occurs, cjiusing de- 


Fio. 124. 



PsciKlohypertrtpphic paralysis. Ilio act of rising. 


formities in the joints. Thus talijx's e(|uinns is (irst produccsl, then a 
permanent fl(>xion of the legs upon the thighs and the thighs upon the 
pelvis. Curvature of the spine, which can no longer be <!orrc<!tc<l by 
suspension, develops and often leads to lateral curvature by the un- 
equal contraction of the muscles of the back upon tln^ two si<les. 
G)ntractions may o(!cur also in the arms, proiluciing a flexion ol‘ the 
elbow and interfering with passive moveuneuts of the shoidder-joint. 

The cletitrical contracitility of the muscles is gradually rtHluee<l as the 
muscles atrophy, but there are no changes of the nature of reaction of 
d<!generation. Thcrt! are no fibrillary eontraetions in the muscles. 
Senssition is not at all impaire«l. The reflexes remain normal until the 
muscle becomes too much atrophied to rt!spon<l. These facts enable a 
differential diagnosis from anterior poliomyelitis of the acute or 
chronic type to be easily reached. 

The course of the disease is slow and progressive through four to ten 
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years, by the end of which time the child is rendered helpless, cannot 
stand or sit up in bed, or fee<I itself. The disease is not a fatal one, 
but in the eiileebled invalid state intercurrent diseases, especially of the 
respiratory organs, are the usual (»iusc of dciith. 

2. Erb’s JuvenUe Form. — This tyjie Ixjgius, as a rule, between the 
ages of twelve and sixUien ; but eases have bcien observed which did 
not develop until alter the age of twenty. In this form of muscular 


Fio. 125. 



Piteudoh]r|iertro|dile paralysis. The calves are 
lurKe; the back is weak and curved furirard. 
Deltulds and triceps arc atrophied. Seriatl are 
weak, hence the scapulie protrude. 


Fic. 126. 



Pseiidohypertrophic paralysla The lordosis 
is well marked, and the attempt to preserve 
the balance by throwing the shoulders back Is 
demonstrated. 


dystrophy the miistiles of the shoulder are first affected, the pectorals, 
tra|K!Jiii, latissiniiis dorsi, rhomboids and deltoid muscles become grad- 
ually hypertrophied, but at the same time are weakened. Peculiar 
deformities of the chest often develop, the shoulders being thrown for- 
ward and the scapulte protruding. As the disease prepresses the biceps 
and triceps become atrophicel, but the muscles of the forearms and hands 
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remain in their normal condition. Later on, if the disease does not 
come to a standstill, the muscles of the back l)ecome atrophied, lordosis 
appears, with deformities of the spine and diflieully in walking. Later 
the glutei and anterior muscles of the thigh are affected, either atro- 
phie<l or hypertrophied, and tinally the ciilf muscles and pcroiici become 
impliciitcd, causing total j)anilysi8 with tali[)es eejuinus. 1 n the majority 
of cases hypertrophy is more marked iu the deltoid, infraspinatus, ssir- 


l-'ia. 127. 



Pseiidohyportrophic paralysis ; fivo years after the onset. Muscles of arms and legs greatty hyper- 
trophied. Both feet contractured and in a pt^ition of talipes, ((.ursehmuiin, Klin. Abbildurigcn.) 


torins, and gastrocnemii. Tt will be seen that in the later stage of the 
disease the terminal condition is similar to that occurring in pseudo- 
hypertrophy, a fact which makes it evident that the only difference 
between these two types of (lystrophy is in the direction of progress in 
the muscles involved. 

3. Landouzy-Dejerine Type. — In this type, which develops usually 
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iu early childliood, but o(!casionjdly iu adults, the feature is the ap])ear- 
anee of the rnusctdar atrophy hi the faee. It is true that both in 
pseudomuse-ular hypertrophy an<l iu Erlfs juvenile dystrophy the dis- 
ease miiy eventually extend to the fiiiie, 
priKluciug all the symptoms seen in the 
Laiidouzy-Dijerine type. The atrophy 
bcftins in the orbieularis oris and ex- 
t(‘uds to the risorii, to the levator menti, 
and to the finer muscles of the face 
about the mouth. The result is that the 
lijis become weak, cannot be firmly 
closed, and the mouth is habitually 
open and the lips are slightly everteil, 
producing a peculiar facial apjiearance 
that has been teniKid the “ tajiir mouth.” 

This form of fiaralysis affects the act 
of spe<!(;h, liiiguals and labials being 
defe(!tively pronounced, the ability to 
whistle, or to })ursc the lips, or to apjily 
the lips firmly to a glass iu drinking 
being lost. Frequently Sidiva runs 
from the patient’s mouth, as in fiicial 
palsy. The affection is bilateral. The 
muscles about the eyes, as a rule, escape, 
so that winking is not inbirfered with, 
and the musedes of mastication and of 
deglutition are not involved. As time 
goes on in these casi's the muscles of the 
shoulders and bmly, and finally of the 
legs, become involved, and the terminal 
stage of the disease is not unlike that in 
the two types already dtvseribed. Fibril- 
lary twitehings arc not present, the elec- 
trical reactions arc normal, but are pro- 
gressively lost. There is no disturbance 
of sensibility. Mechanical excitability 
of the mUsiilcs is gradually lost as the 
muscles atrophy. 

While these three types of muscular 
dystmphy are sufliciently ilifferent from one another to be easily recog- 
nized, it must be admitted that many patients snffiTing from the dis- 
ease present symptoms common to two or more types. Even Erb 
admits the. wiciuTence of transitional forms of dystrophy, and shows 
that the course of the disease may prestmt variations in various 
members of the same family who are affccteil. In the terminal stage 
it is not always easy to ascertain to which tyjK> a patient is to be 
assigned. 

The diagnosis of this affbetiou from bulbar palsy is not difficult, 



Krb’sJuTCDilo dystrophy, 'fhe disease 
began ut the age of sixtinni ; phuU)grai>h 
made at age of thirty. .Siipni* and iiifm- 
Hpiuati, and gustrvKtrtomii hyixrrtrophietl. 
TratN'xii, deltoids, biceps, trieeiM^latlasiini 
dursi, Hcrruti iiiagiii, ere<.:ton»i spiiue, all 
miistdes of thighs, and gliitcd arc atr<>- 
phied. (lly pi>nuiMSion of Dr. L. 
Walton. ) 
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bcKsause in dystropliy the tongue and musolos of swallowing are not 
involved. 

Prognosis. — The prognosis in muscailar dystrophy is unfavorable. 
In all forms of the disease there is a tendency to slow progress, to an 


Fia. 129. 



Progressive muscular dystrophy, atrophic typo of liandousy-nojcrine. Ago, nine years ; duration, 
seven years. Face, ann.s, and legs extremely atrophied. Face expressionlcs-s ; ikh'IoriIs and deltoids 
wholly atrophic ; thighs at ruphied. The forearms and the legs are normal. ( (''urschmann. ) 


extension of the affection from muscle to muscle until finally a state 
of helpless paralysis with extreme emaciation is reached. This, how- 
ever, is not an invariable occurrence, as I have seen several patients in 
whom the disease has come to a standstill and who have remained in a 
stationary condition for six or eight years without Iwing incapacitated 
from walking. The prognosis as far as life is concerned is good, pro- 
vided complicating diseases, especially of the respiratory organs, are 
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prevented. These patients are peculiarly liable to develop tuberculosis 
of the lungs or pneumonia or bronchitis from disability in respiratory 
movements. Occsisionally the diaphragm is involved and the patients 
die of respiratory pandysis. 

Treatment. — Treatment of muscular dystrophy must lie by general 
measures to sujiiKirt the health and nutrition of the individual. A 
country life in the open air, with gootl fo<jd and moderate exercise, is 
advisjible, and the systematic use of massage and gymnastic exercises, 
not carried to the point of fatigue, will often tend to retluce the rate 
of progress in the muscular dystrophy and in some cases to cause an 
arrest of its progress. Thus the patients alluded to in whom the disease 
has come to a standstill have had most skilful massage for years, daily 
for about one hour. Elecitricity has been us(k 1 for the purpose of exer- 
cising the atniphied muscles, and when massage is impossible it may 
give good results. When the contractures have occurnxl the question 
msiy arise of the proiiriety of tenotomy, but in several patients in whom 
I have hiid it done it has not aflbrdetl any permanent relief, but, in 
fact, has been attended by an increa.se of the disability. The appli- 
cation of corsfits or plaster-of-Paris jackets to correct the deformity in 
the spine is not to be advised, becsiuse the lordosis assists the indi- 
vidual in preserving his equilibrium, and if the spine is held erect in 
its natural posture the child falls forward and is unable to walk. In- 
dividuals suffering from muscular dystrophies are usually such chronic 
invalids as not to consider the question of marriage, but should this 
question arise it should be strongly advised against, inasmuch as this 
disease is so peculiarly hereditary. 

MUSqULAE ATROPHY OP THE PERONEAL TYPE. 

Oharcot-Marie-Tooth Form of Progressive Muscular Atrophy. 
Progressive Neural Muscular Atrophy of Hoffman. 

In 1886 Charcot and Marie’ in Paris, and Tooth* in Cambridge, 
England, described indciicndently a form of progressive muscular 
atrophy beginning in the muscles supplied by the jieroneid nerves and 
advancing upward as high as the knees in tlie legs, and subsequently 
attacking the muscles of the hands and forearms. This particular 
tyjie of ntuscular atrophy has been recognized by many authors, espe- 
cially by J. Hoffman * and B. Satihs.^ Although it is an extremely rare 
form of disease, a sufficient number of cases can now be collected to 
establish the affection as independent both of the muscular dystrophies 
on the one hand and of anterior poliomyelitis on the other. 

Etiology. — In some (sases there appears to be an hereditary dispo- 
sition to the di-sease. Several members of a family may be affected, 
and in a few families it has been traceable through two or three genera- 

• Rev. de M&l., 1886. 

* Brail), vol. x., p. 243. 

"Arch. f. Piiycli., Bd. xx., S. 660, and Deut. Zeitschr. f. Nerven., Bd. i., 8. 96. 

< New York Medical Journal, December, 1888. Brain, 1890. 
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tions. In many patients, however, no history of inheritance can be 
obtained. No etiulugi(atl factors have been established, and syphilis 
does not apjicar to be a cause. In a few castts it has been preceded 
by some form of infectious disease. The disease uniformly appears in 
young persons before the age of twenty years. 

Pathology. — Tlie eases first reconled were supposed to be of the 
nature of muscular dystrophy, a progressive atropliy of tlie muscles 
of tlm legs and forearms aud of the feet and hands being the only 
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Chaicot-Marie-Tooth dlseaso. Atrophy of tho lega below the kneea and of the nrraa below the 

elbows. 


lesion noticed. But in 1 889 Hoffman discovered an atrophic neuritis 
in the peroneal nerves in addition to the muscular atrophy, and from 
that date the disease has been ascribed to a degenerative neuritis. 
Bernhardt,* in 1893, recorded a case in which in addition to the 
atrophy of the peroneal nerves there were found some changes of a 
sclerotic character in the posterior columns of the spinal cord; and 


•Virchow’s Archiv, Btl. cxxxiii., 8. 259. 
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Siemerling,' in 1899, after a study of all the eases ujKtii rec-ord, reached 
the conclusion that the lesion of the disease consists in a degeneration 
both of the mustdes, nerves, and posterior colunms of the spinal cord, 
a lesion which involves the entire sensory element both in its periph- 
eral and central prolongations sis well sis the motor fibres of the nerves. 
He has found the posterior spinal ganglion afiesited, and he has also 
found a sclerosis in a [xirtion of the lateral eohiniiis of the coiil not 

involving the pyramidal tracts. 

Fig. 131. Sienierling is inclined to abandon 

the view that the di.sease begins in 
the jK'ripheral nerves, and is inclined 
to ascribe it to a central lesion in 
the posterior horns of the spinal 
cord, but the exact pathology is still 
a matter of uueertaiuty. 

Symptoms. — The di.sease begins 
with a gradually incimsing atrophy 
and weakiic.ss of the intrinsic mus- 
cles of the feet and of the long 
peroneal muscles on the outer side 
of the legs. The weakness and 
atrophy then appear in the anterior 
tibial muscles and extensor com- 
munis digitorum and in the poste- 
rior tibial muscles, so that after a 
slow iiHirease during two or three 
years the patient is almost inca- 
jiacitated from walking. Tlie foot 
falls in walking, and hence the 
gait resembles the stepping gait of 
multi])lc neuriti.s. Occasionally the 
vastus internus in the thigh is at- 
rophied and adduction of the knee 
becomes somewhat difficult. The 
affliction of this muscle somewhat 
impairs the gait, allowing the knee 
to fall outward j hence the patients 
place the feet somewhat tixi far 
from one another in walking. (See 
Fig. 1.30.) The muscles wliich arc 
Charcot-Maric-Tooth aiscaso. Atrophy ofthc aftectcd show fibrillary contractions, 
leg»uuaar..,..fecl,andalropliyof thohanda. activity aild 

miKihanical excitability, and there is 
a jirogressive diminution of the electrical excitability for both currtints. 
In many ixiscs a comjilete reaction of degeneration apiiears in an early 
stage. As a rule the weakness aud atrophy do not extend above the 
knees, and hence the contrast in the appearance of tlie thigh and leg 

‘Arch. f. Psych., Bd. xxxi., S. 10.5. 
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is very mnrkcxl in these patients. In all oiises cluh-feet finally de- 
velop, and bilateral club-feet should always suggcwt this disease. The 
symptoms appear in the arms after the legs have been affected for some 
months or years. Occasionally, however, the hands and arms are 
affected from the beginning. There is a gradual atrophy and weakness 
of the intrinsic muscles of the hands, of the thenar and hypothenar 
grou 2 )s, and also of the forearms, and as these becmne w<;aker ab- 
normal positions of the fingers are assumed, giving rise to deformities 
of the nature of claw-hand. The muscles both on the front and bacsk 
of the forearm arc affechid, and fibrillary contrimturcs and diminution 
of ek'ctrical contnuitility with reaction of degeneration are fouiul. 
The disfjase may come to a standstill at this point, as in the patient 
whose photograph is shown in Fig. 130, and there may appear to be no 
progressive inci'ease in the symptoms for a long time. In other casc!S, 
however, the disease makes more rajjid j)rogress, the atrojdiy and 
2 )ar!ilysis involving the thighs and the arms, the muscles of the Ixxly 
and neck, and even the face, and the i)atient is gradually reduced to a 
skeleton, and dies from exhaustion. 

I'liere are a few sensory disturbances. In some castis a slight numlj- 
n(!ss with diminution in the pain sense along the outer siile of the legs 
is inrticed, and in other cas(!S comjilete anfcsthesia in the distribution of 
tlic peroneal nerves has been found. The paralyzc'd limbs arc usually 
eohl and have a tendency to cyanosis cspe<!ially in cold weather. 

The duration of the tliscuise is uncertain, for many <!ast!S aiip*^^’ to be 
arrested, and the patients live their lives with a ct)ndition of atrephy 
in arms and legs and do not die of the atfcction. In other eas(^s where 
the progress of the atrojdiy is more rajud they die of some intercurnmt 
disease. 

Prognosis for WKJovery is always nnfavorabk*. 

Treatment. — A gtaieml course of tonic treatment with baths, mas- 
sage, and ehictrieity to the atro 2 )hied muscles a 2 )pears to have sonas 
elfect in lessening the ra2)idity of the atro2)hy, but «loe3 not a2)2)ear to 
arrest the 2 >rogres 8 of the aflectiou. 



CHATTER XVII. 

SYRINGOMYEfJA OR GLIOSIS SPINALIS. 

Histoiy. — SyringHniyolia tube, hollow ; /ws/oc, marrow) 

or gliosis spinalis is a disease of the spinal coixl characterized by the 
pnxluction of a csivity within the cord of varying length. The name 
was given by Ollivier in 1824, but the (soudition was first described 
by Etienne in 154G and is mentioned by numerous writers on anatomy 
from that time onward. Portid (1804) was probably the first to ascribe 
a form of spinal paralysis to this lesion on the basis of four cjises which 
he observed. From his time, however, until 1860 the condition, though 
occjisionally noted by pathologists, excited no interest. Then with the 
beginning of pathological study of the nervous system various hypo- 
theses were proposefl to explain the existence of cavities within the 
cord, and Lockhart Clarke, Vulpian, Hallopcau, Charcot and Joffroy, 
Leyden, Schultze,* and Kahler* made important contributions to the 
subject. In the monographs of Roth, Wichmann, and Anna Baumler 
(1889) over 100 cases with autopsies were collected and analyzed. 
The study of these cases from a pathological standpoint was soon fol- 
lowed by their analysis from the clinical side, and in 1887 Schultze^ 
and Kahler* estoblishcd the possibility of diagnosticating this condition 
during life. Their statemente have been confirmed by clinical observers 
all over the world. In a monograph by Sehlesinger® 526 references 
to published cases or discussions of the subject are given. Dimitroff^ 
has recently added to this literature. 

Pathology. — The post-mortem appearances in a case of syringo- 
myelia are very characteristic. The spinal meninges are normal. The 
contour of the eortl is sometimes irregular, owing to a bulging at some 
places or a retraction at other places, or it apj)ear8 at places ^ttened ; 
sometimes it is not altered. Fluctuation may be detected by palpation. 
Usually a rupture occurs in the pro<!e.ss of removal of the coni, and 
the fluid, a cleiir serum, runs i)Ut, leaving the cord partly collapsed. 
It is then evident that there is a long cavity within the cord, usually 
near the central canal, but sometimes so extensive as in a cross-section 
to Iciave merely a thin ring or wall of cord tissue. Sections of the cord 
at various levels will demonstrate that.this cavity extends for some dis- 
tance through the cord, and tliat it varies in size and shape at diflerent 

’ Hchultze, Virchow’s Archiv, Bd. Ixxxrii. and civ. 

*Kahlcr, Vicrtdiahrschrift ffir Pract. Heilk., 1879. Arch. f. Psych., Bd. x. 

‘ Srhultce, Zeitsenr. ffirklin. Med., Bd. xiii., 1887. 

♦Kahlcr, Pra|®r med. Woch., 1888, Nos. 6 and 7. 

* Sithlesingcr, TKe Syringomyelic, 1895, Leipzig. 

•Arch. f. ftych., ifii. xxxv., 8. 42. 
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levels. Tlie usual situation of the cavity is in the lower cervical and 
dorsal regions. In some cjises it is short, not involving more than five 
or six segments ; in others it is long, extending through the entire 
length of the cord and upwanl into the medulla and jmmis. Sometimes 
two or tlirce separate cavities have been found at difTerent levels. All 
possible variations have been observed in different cases. In some 
oases a tumor has been found on one side or within tlie wall of the 
cavity. 

When the cord is hanlened, cut, stained, and examined microscopi- 
cally it presents certain characteristic api)earanees. The cavity may 


Fia. 1.32. 



Syringomyelia. Cavily in the central gray matter of the leU half, with niiiiieroua diverticula 
Walls of cavity formed hy gllomatous tissue infiltrating the 8|>iiial curd. Weigert stain. (W. A. 
Turner.) 

be of any size or of any shape, but lies chiefly neiir the centrtd camil, 
behind the anterior commissure, or in the posterior ccnti’al gray matter, 
or in a jwisterior horn, or in Ixith horns of the ftord. In some cases it 
invades the central gray matter and the anterior horn or horns, but it 
is rarely symmetrical in its invasion of the cord ti.ssuc on the two sides. 
In some cases tlie gray matter is entirely replacetl by the cavity. In 
other cases the cavity has invaded the white columns of one or both 
sides. The posterior columns are more frequently invaded than the 
lateral or anterior. In the most extreme cases it apiiears as if all the 
cord tissue had been destroyed. The cavity is then surrounded by a 
thin wall forming its sac, and no trace of gray or white substance 
remains. The wall of the cavity is smooth, but here and there papil- 
lary projections occur uikiii it. 
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'^riie oavity is usually surrouudccl by a zone of thick neuroglia tissue 
whi<;li stains <loe|»ly with curiniiie and hematoxylin, is unstained in the 
Weigert hematoxylin stain, is tleeply stiiiued by the VVeigert neuroglia 
stain, and by the (xolgi sbiins. The thickness of this neuroglia wall 
varies in <li1fercnt eases. Its structure is most dense near the cavity ; 
but it is thiniua' in the adjacent parts and tildes away into the normal 
coixl, not having as a ride a sharp boundary. (See Fig. 132.) Under 
a high power of the microscope it is seen to be made up of fine fibres, 
of nuclei, and of small and large neuroglia ci'lls, a few of whitih arc 
seen in some cases to be in a state of vacuolization and progressive 


Fw. 133. 



Syrlngoinycna. The cn%'ity has taken the place of the central gray matter, and has invaded both 
ptMterior coIitiiiiiH. 


liijuefaction and to be breaking down. A fine filamentous network, 
containing spider cells ami sjiimlle-shapiHl cells with long processes 
and many nuclei, extends outward into the nerve tissue — the appear- 
ance being that of a partial infiltration of the normal cord by glioma- 
tous eletmmts, the degree of whiiih is greatest near to the wall of the 
cavity. Suiih an infiltration of the cord with cells is also found in the 
segments above and below the limits of the cavity, especially about 
the central canal. The cavity frecpiently occupies the place usually 
taken by the central canal. Sometimes it is seen to communicate with 
the remains of the central canal, and then some epithelial elements may 
be found in its wall. In other (sases the canal is pushed to one side 
and lies in the wall of the cavity. In a few sections there may appear 
to be two cavities side by side ; but a careful examination of sections 
above or below will show that one of these is really a diverticulum from 
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the main cavity. The cavity itself is never entirely liiuHl by eylin- 
(Irical e]>itlielinin ; but in a tew eases one side of it may be so lined, 
and in these there is a manifest absorption of the original central canal 
into the new cavity, with more or less proliferition of the lining epitlie- 
liunn A few eases have been descrilMKl in which a true glioma or 
sarcoma fillc<l the cavity, being an evident outgrowth IVom its wall.' 
Changes in the bloodvcRSfsls of the eonl are sometimes observe*!. There 
are very few capillaries to be seen in the wall of the cavity ; but otit- 
sidc of it, in the adjacent parts of the cord where the infiltration of 
small (iclls and nuclei is seen vesseds are more numerous than normal, 
their calibre is larger, and they are more tortuous than usual. In some 
cases distinct thickening of their walls has been noticed. Capillary 
hemorrhages are often found within tlu) gliomatous structure. 

Various hypotheses have been proposed to explain the conditions 
di'seribed. They may be bricjfly summariztHi as follows : 

1. It has been siippf)scd that syriugomyedia always originates in a 
congenital defect in the development of the spinal cord. It has beim 
thought that the central canal of the cortl may be unduly disteiahsl 
during fetal life and early infancy by fluid, thus remaining as an un- 
tisually large twivity within the eonl, around which cavity there subs(v 
(pwaitly *levclops a prolifenition of the embryonal epiblasti*; elemenfs 
or a thickening of the normal glia tissue, which is known to be more 
abundant in this situation than elstnvhcre in the cord. Such a *!avity 
is lined by epitludium and is described by many pathologists uinha’ the 
name “ hydromyelus.” But some believe that hydromyeliis may pass 
into syringfimyclia by the pndiferation of glia *!(dls, tlu; invasion of 
the normal tissue, and its subsequent breaking down. They thus ex- 
plain the admitted fact that the degree in which the *!avity in syrin- 
gomyelia is lined by (sylindrical epitheliuitj varies. Others hold that in 
the (dosure of the central canal during tanbryonal devcloj)ment a 
portion of it is shut off from the main (Siinal so as to leave a subsidiary 
ciiual in the posterior septum of the (!ord, liiunl with epitladium and 
surrounded, ius is the normal cciitml canal, by cpiblasti*; tissue which 
subsiMjuently proliferates, constituting a neuroglia hyperplasia, ami then 
breaking down. Those who hold this opinion, tlufndbr*!, ascribe all 
CJises of syringomy(dia to a congenital malformation of the <;ord and 
believe tliat the cavity of syringomyelia has a neciessiiry relation to the 
normal central canal and usually communicjitcs with it. 

2. Another view of the disease is that the normal glia strmsture of 
the spinal cord, which is thickest about the centnd canal, umh^rgoes 
a proliferation from some unknown cause — possibly an irritant jmison 
in the fluid of the central canal ; " that this gliomatous new structure 
extends outward into the adjacent tissue, both into the gray and white 
matter, and subsequently breaks down in its canter, the (udls becoming 
liquefi^ and disintegrated; thus a cavity originates within a glioinatons 
mass. This cavity .at its origin has no necessary relation to the central 

* Van Gi<«ion, Journal of Nervous and Mental Disease, .Inly, 1889. 

’ Babes and Manicatide, Anduves des Sci. M<5d. do Bucharest, May, 1896. 
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OlUmia o( the spinal mini, with rnniiatUin of cavities within it. AR, anterior nerve roots; 
T, tuiaor; PR, posterior nerve roots; KC, epithelial lined cavities within the tumor. (Hudson, 
American Journal of the Medical Sciences, cxvll., G4il.) 
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canal; but ina.smach as the gliomatous proliferation begins, ns a rule, 
near to the canal, the cavity usually breaks into the central cjinal au(l 
thus makes a communication with it. The wall of the cavity is <le- 
scrihed as consisting of hyperplastic neuroglia with larger and smaller 
branching neuroglia cells, and small spheroidal cells, and oval cells 
lying in a network of fibres, at places closely jMcked together, at 
j)laces loosely arranged, so that it has a porous meshwork striuiture. 
This forms a sort of limiting membrane for the cavity, but beyond it 
within the nervous tissue there is an infiltration of glia cells. These 
cells are seen to be in a state of liquefactivc degenerdtion Imth in the 
wall of the cavity and elsewhere. In some cells the nucleus is attached 
to or surrounded by the homogeneous remains of the cell body. 
Some cells are converted into sacs of fluid. Thus there is a manifest 
tendency in the glia cells to break down, and the cavity is the result 
of such disintegration. Those who hold this opinion have named the 
disease spinal gliosis, believing the glia proliferation to be the esscaitial 
factor in the pathology. Some consider this an inflammatory process,' 
others* deny anything more than a simple hyperplasia. 

Investigations of Weigert® u|)on the structure of neuroglia seem to 
establish that new formations of glia may be either cellular in structure 
or fibrous in structure. If cellular, the new formation is a true 
glioma, 8U(!h iis is found in tumors of the brain or spinal cord, and in 
such a glioma fibres arc few. Weigert calls attention to the fact that 
this is not the structure of the glia tissue about the cavity of syrin- 
gomyelia, but that the neuroglia found around this cavity <!onsists 
almost exclusively of glia fibres with few cells ; and that these fibres, 
though extending in all directions, are chiefly vertical in their course. 
Miura also has shown the sharp contrast between ordinary glioma, 
even glioma containing a cavity, and the gliomatous condition of the 
coni in syringomyelia. Weigert holds that the neuroglia is merely a 
substiincc producetl by nature to take the place of nerve tissue which 
has been destroyed, and that its proliferation is always a sign that the 
nerve tissue has primarily disintegrated. Such destruction of nerve 
tissue would, therefore, according to his view, precede the formation of 
gliomatous tissue ; hence he wholly <liscards the hypothesis of syrin- 
gomyelia to which the name spinal gliosis has been applied. Weigert 
says : “ Many authors believe that the essential lesion in syringomyelia 
is the formation of a tumor followe<I by softening and the formation of 
a cavity. It is admitted that there is a growth of ucumglia of the 
typical fibre type about the cavity. But this fibre mass, devoid of 
cells, does not resemble a glioma and there is no reason to believe 
from the more presence of neuroglia that the cavity is not a congenital 
or ac(piire<l abnormality of the central canal. There is a thick cluster 
of neuroglia fibres normally about the canal. By the pressure in this 
enlarge<l canal the nervous tissue may be destroyed, and hence a 

'Miura, Zi^lor’a Beitro^ zur mlh. Anat., xi., 91. 

’Sohiiltzc, SteitHchr. fQr klin. Med., xiii. 

’ Weigert, Beitriige zur Kenntnis« der normalen mcniiclilichen Neuroglia. B'rank- 
fort, 1896. 
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growtii of noiirogliii fostered. If the prcasure ineivawss the neuroglia 
may also lie destroyed, and in its place about the cavity a hyaline form- 
less mass may remain. The gliosis is not the essential feature, it is only 
a secondary result.” Turner,* h()\vcv(‘r, ha.s destsribed a e^isc in which 
there is a gradual and direction transition between a true glioma and a 
gliomatous infiltration of the cord Avith the production of a cavity. 

3. Many autliors have observed, subsecpiently to disease of the s])inal 
arteries, the formation of cavities in the cord independent in their situ- 
ation of the iientral canal. Thus Miiller and Medin have seen a cavity 
in the gray matter of the coni with walls of normal nerve tissue with 
no signs of inflammatory disease or of proliferation in the glia, the 
size of the cavity eorresjmnding in situation to the degrac of endarteritis 
in the spiind vessels and having no definite relation to the central 
canal. Wieting has destsriljed a cord containing nunuirous cavities 
due entirely to the low nutrition of the nerve tissues, and <!onsequ<!nt 
necrosis from discjis*' of the spinal arteries in connection with men- 
ingo-myelitis. It has been thought by Kronthal that lymph stasis 
within the cord, and consequent necrosis, pro<lucc<l by transverse com- 
pression of the cord, may lead to the formation of cavities which may 
or may not communicate with the central canal ; but this surmise is 
doubtful, since compression by tumors or after Pott’s distsise is not 
found to ciiusc cavities. The supposition that a cjivity in the cord 
may be due to a diseased condition of the bloodvessels scHsms proven 
in some cases ; but such cjivities do not resemble those of syringomyelia, 
and the suggestion finds little support in WeigcTt’s hypothesis regard- 
ing the function of neuroglia. For if this hypothesis be correct a 
neuroglia growth would occur to replace the disintegrated nerve tissue, 
and in the attempt of nature to fill up the empty space would be thick- 
est about the cavity. Necrotic cavities, however, rarely hjive a well- 
marketl wall. 

4. Van txicson has recently described a condition which he calls 
hemato-myelo-porus, of perforating hemorrhiige in the coni, with the 
prwluction of a long, narrow cavity. Siuli a ciivity is occasionally 
surrounded by thickened glia tissue. Van Gieson shows that some 
cas<!s which have been (h'seribed iis syringomyelia havi' really luitfn old 
cases of hemorrhage. Turner and Mackintosh point out that the pres- 
ence of a fibrin-like material, which th(!y dese,ribe in some; of the cav- 
ities in s()veral cases of gliomatosis of th<! coni, sufigests that hemor- 
rhage assists in the formation of these spaces. P. Bailey^ has shown 
in his studies of spinal injuries that a symptom cotnplex exactly likci 
that of syringomyelia may develop ratlnsr rapidly after internal spinal 
hemorrhage. The hemorrhage nuiy be single and destroy the central 
gray matter of the coni for some length, or there may be multiph> 
small hemorrhages at various levels. Begg* has recently reported 
such a ease. 


' Turner ninl Mackintosh, Itniin, 1896, Pt. Ixxv, 

* Awudonl and Injury. I). Appleton & Co., 1906. 
“laincct, July 16, 1904, p. 146. 
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5. Lastly, there is not wanting an hypothesis whieli wouhl tnice it 
to baeterial infection. Prus,* from a careful study of Morvan’s disciisc, 
rcache<l the conclusion, wliich several authors had alrea<ly announced, 
that Morvan’s disease and syringomyelia are identical, lie calls attim- 
tion, however, to the fact that Zamhaco maintains that it is identical 
with hipra ansestheticii, the bacillus of which (Kin Ix! recognized. And 
he appears to be willing to admit that tlie tliree disoiistvs arc, in fact, 
due to the same cause, namely, an infection of the nervous system by 
a germ which, in the lighter forms, attacks the pcriplieral nervi's only 
and in the more severe forms attacks the spinal cord. In this view 
the neuroglia formation is set up by the irritation of the bacillus, and 
the cavity is due to the disintegration of tlie gliomatous sniistancc. 
This hypothesis is strongly combated by Baljcs, who has observed six 
cases of lepra in which the bacilli were found in tlie cells of the cord, 
but in which there was no lesion resembling that of syringomyelia. 

It seems evident, therefore, from a review of these various hypoth- 
eses, that cavities may be formed within the S[)inal eonl under vary- 
ing circumstances and by various pathological processes. First, from 
«!ongenital defects of development; seconclly, by a disintcgnitiou sub- 
sequent to a neuroglia prolifeAtion either of inflammatory origin or 
of spontaneous occurrence ; thirdly, as the result of retrograde meta- 
moiqihosis of tissue, the nutrition of which is impaired by obstnic- 
tion to the circulation ; fourthly, by actual destruction of the cord by 
hemorrhage. 

The time has not yet come to establish conclusively any one of these 
views of the origin of syringomyelia. In fact, until cases are observed 
at the outset of the disease, as well as aftei* a long duration, no basis 
for a coiMilusion can be established. 

When the (Kivity has existed for some time it is not uncommon to 
find evidenws of ascending and descending degeneration in the ('oluinns 
of the cord, which are secondary to pressure or to the destriuition of 
tissue at its point of maximum extent, negenemtion in the motor 
nerves and atrophy of the musisle libi’es arc also parts of the l(*sion in 
this disease. The various trophic disturbances in the bones and skin 
also reipiire mention. 

Symptoms. — The diagnosis of syringomyelia nwts upon the pres- 
ence of thriH) characteristic symptoms which, in the majority of eases, 
are present togiither. The existem* of one of these .synqitoms alone 
should excite suspicion of the possibility of the disease being present. 
The pre.senee of any two of them make the diagnosis very probable. 
These symptoms an*, first, a loss of the sensations of pain and of tem- 
perature in any part of the body, tactile siuise being preserved in the 
analgesic ami; secondly, trophic disturbances in the skin, muscles, 
bones, or joints; thirdly, progressive muscular atrophy attended by 
paralysis. 

In addition to these symptoms there may be (a) a spastic paraplegia, 
or (6) disturbance of tactile simse with pain, or (c) the general symji- 

> Arch. f. Riych., Bd. xxvii., S. 771. 
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toms of tninsverse myelitis in ciisc the disease invade respectively the 
(«) latenil, or (/?) iwsterior columns of the cord, or (;-) its entire area. 
SucJi an extension is not uncommon, and hence these symptoms must 
be considered as a frequent complication. 

Tlie distribution of tlie cJianicteristic symptoms of the discjise will 
depend entirely upon the extent of the lesion in the coni. As this 
lesion usually begins in the cervie-al segments the symptoms almost 
always ap|)ear in the hands. If the lesion be limited to one or two 
segments of the cord the symptoms will be very limited; but if it 
extend throughout tlie entire length of the cord and upward through 
the mwlulla and jwns to the crus, the symptoms will be widespread 
and will Involve the e.ranial nerves. The course of the disease is a 
very chronic one, the symptoms coming on slowly at any age, and 
often reaching a certain point and remaining stationary for years, the 
life of the patient being ended, as a rule, by some intercurreut disease, 
though occasionally sudden death is caused by the rupture of the 
cavity. 

The disturbanw of sensation, callctl by Charcot dissociated anses- 
thesia, is the chief characteristic of the disease. It is a symptom 
which is frequently unknown to the patient until it is demonstrated by 
tlie physician, although occasionally among the working classes, who are 
much exposed to injuries, the patient may have noticed that such 
injuries, especially burns, were not attended by pain. It is found 
upon examination of these persons that pricking, or cutting, or burning, 
or freezing of the affected area is not attended by sensiitions of pain, or 
of heat or cold, though the sense of touch is preserved. The sense of 
heat may be impaiwHl when that of cold remains, or conversely. The 
sense of pain is a great protection to the body, giving warning of 
injury and assuring care and rest of the part; hence its absence 
exposes these psitients to the risks of serious affections of the skin and 
joints, the conseipience of neglect of small pathological processes at 
their start. The sense of touch is not often alfected at all, although in 
cases where the cavity progresses to a considerable size and invades 
the posterior columns of the cord it may become somewhat blunted. 
The muscular sense appeiirs to be preserved, excepting in this last 
class of cases. It is from these phenomena of dissociaUid ansesthesia 
that the conislusion has Immjji reached that the paths of sensations of 
pain and temjHirature iliffer in their location from those of tactile 
sense, and that they psiss into the central jmrtion of the gray matter of 
the spinal cord soon after their entrance. It is certain tliat their 
entire course from Ixslow upwanl is not i)i the gray matter, otlierwise 
a limited lesion of this portion in the cervical segments would produce 
a disturbance of these sens(!s in the entire- bcaly l)elow the lesion ; but 
it appears that these sensations on their way from the surface of the 
body to the <!eutripetal white columns of the cord (the antero-lateral 
trecits — see page 72) traverse the gray matter at the level at which 
they enter; henct; the distribution of this disturbance of sensibility 
'corresponds exactly to the position of the lesion in the spinal cord. As 
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the exact area of the skin relatetl to the iudividnal segments of the coni 
has been (letenniued, it is possible to reacih a <liagnosis of the exact 
extent of the spinal lesion by <loterrnining the exact extent of tlic an- 
algesia.* TJie diagram, Plate VII. (l>age 44) shows this relation so far as 
it is at present determi?ied. It demonstrates tluit the various districts 
of the skin can bo assigned to the various segments of the eonl. The 
distribution of the analgesia in syringomyelia is usually irregular, randy 
symmetrical on the two sides. Inasmuch as the affection is more com- 
mon in the cervical region the condition of analgesia is more frequently 
found in tlie hands and arms. It is found that small injuries to tlie 
fingers are not attended by pain, an abnormality which first directs the 
patient’s attention to the existence of his disease. In the early stages 
of the disease there is merely a decided blunting of the sensations of 
pain and an inability to distinguish between slight variations of tem- 
perature, or certain sensations only are not perceived. Thus Dejeriue 
records a ease in which the thermal sense was lost for all tern[K)rature8 
above 68° F. The area of analgesia may not coincide exactly with 
that of loss of temperature sense. Sensations of cold or of bnrning, or 
sharp pains, sometimes precede the loss of sensation. When the dis- 
ease is fully established the patient cannot distinguish any diftcrenaj 
between iced water an<l boiling water, and a deep incision may Ihj made 
without the slightest pain. 

Trophic disturbances are a very frequent symptom in syringomyelia. 
In the majority of patients it is evident that the origin of these dis- 
turbancies is some injury, wound, or burn that had not been observed 
on account of the loss of pain sense, and that had therefore been ne- 
glected, had become infected, and had gone on to ulceration or suppura- 
tion. In some cases, however, it is impossible to ascribe trophic dis- 
turbances to this cause, and the hypothesis of the existence of trophic 
centres in the spinal cord presiding over the general nutrition and the 
repair of the body receives its chief support from the facts observed in 
this discjisc. 

The skin is the seat of the chief trophic disturbances. These may 
be of various kinds. There may be localized hypencmia or ancemia 
of the skin. There may be changes in the iKjrspi ration, the part being 
abnormally covered with sweat or abnormally dry ; ami in addition to 
the acute infiammations of the skin already mentioned as produced by 
injurie.s, ciises have been observed of serous exudation with dcscpiama- 
tion, gangrene of the skin and subcutiineous tissue, bullm and peculiar 
hypertrophies and atrophies of the skin. 

Another trophic disturbance which h:is excitiKl much interest is the 
appearance of painless whitlows and small abscesses upon the fingers. 

Morvau * described a disesise occurring in a seaport of France among 
fishermen, in which felons appeareal upon the fingers, prodmang <k*ep 
ulcerations and even necrosis of the terminal phalanges. These were 
associated with other trophic disturbances of the skin and nails, and 

*Max Fjaehr, Arch. f. Psychiatric, 1896, xxviii., 773. 

’Gazette hcb. dc Mdd. ct <le Chir., 1883. 
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witli analg(^sia. This tlisoase, which was named after Morvan, is now 
thought to be a variety of syringomyelia, for in all cases examined afiter 

Fia. 135. 




Trophic changcji in the hnnds In syrlngomynlia In the form known a» Morvan’a disease. The 
ittiisolcs an; ntrophi(Hi. Tlic hands ore mtieh deformed. The skin is atrophied. Tho nails have fallen. 
The boiMw are hy|H*rtrophlcd at some parts, atrophied at others. The tip of one finger is eroded. 
^Oiirschiuann, Klin. Ahbildungen.) 


death a cavity has been found in tlie .spinal cord. Fig. 135 shows the 
ajUR'amnce of the hands in Morvau’s di.si;ase. 


SYilPTOMS. 


327 


The growth of the nails is commonly affected in the disease. They 
are hypertrophie<l, ridged, and occasionally stained. They IxHJome 
particularly brittle and arc irregular in tlieir form. 

Affections of the joints and bones are very frequently observed in 
syringomyelia. In fact, there is no nervous disisise in which joint 
affections oewsur so commonly as a complication. Tlie shoulder, ellM)w, 
and wrist are the joints most c»)mmonly affected. In tliis respect the 
diseitse offers a <!oiitnist to fcibcs, in which the joint affections most fre- 
quently occur in the lower extremities. The character of the joint 
ailcction, is, as a rule, quite similar to that destanbed by Charcot as 
oeeurriiig in locomotor ataxia — a large effusion within tlic joint, with 
great thicfkening of all the tissues, and latter an absorption of the bones 
with an atrophy of the joint surfaces. Fig. 136 shows tlie appearance 


Fia. 136. 



Arthropathy of the right shoulder in ayriogoiiiycHa. (Uerciiiu. ) 


of a patient suffering from an arlhroptitliy of the right shoultler, and 
Fig. 137 shows tlie condition found in tlie bone after tleatli. Sehles- 
inger has collected sixty-three ca.ses of joint affection occurring in 
the course of the disease, and he estimates tlait this eoniplieatiou 
occurs ill more than 10 per cent, of the eases. Alterations in the eon- 
tlition of the long bones arc obscrvetl in syringomyelia, anti spontane- 
ous fractures, due to a spongy and brittle condition of the bontw, have 
been recordtxl by a number of observers. Both the joint aH'ections and 
these fractures proceed without pain to the patient, and hence arc often 
neglected for some time after they begin. 

In a considerable number of cases a marketl curvature of the sjiine, 
either lateral or forwanl, and oeensionally backward, has been obstirved. 
This has bt*en ascribed by some authors to atrophy ami weakness of 
the spinal muscles and by others to actual changes in the liones. Both 
conditions may occur. The spine is, as a rule, sensitive to pressure. 
Deformity is more likely to occur in the upper portion of the dorsal 
region than elsewhere. It is never very extensive. 

As the reconls of the disease have increased its incidental assiKiiation 
with various diseases — acromegalic, hysteria, paralysis agitans — has 
been recorded. Such assixiiations have no particular significance. 

Muscular atrophy attended by jiaralysis is present in more than one- 
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half of the csises of syringomyelia. It usually begins as a progressive 
muscular atropiiy invading hands, especially the first lumbricsdis 
muscle, then the thenar and hypothenar eminences, finally producing 
claw-hands {main en griffe of Duehcnne), and then advancing up tlie 
limb to the forearm, arm, and shoulder. Occasionally tlic shoulder 
muscles arc the first to bo affected, and then the atrophy apjxjars in 
the deltoid and s(»ipular muscdes, and later invades the biceps and 


Fici. 137. 



Humerus an<I scapula of the rlKht side. The head of the humenis has been destroyed. The glenoid 
surface of the scapula Is enlarged, and its edges arc thickened by bony deposits. The coracoid process 
prosents peripheral accretions. ( Diircuiu. ) 

supinator longus. The muscles of the spine are particularly liable to 
be invaded by the atrophy and paralysi.s, and as a consttquence curva- 
ture of the spine is a very frequent symptom in this disease. The legs 
are less frequently affected (12 per cent, of the eases), but atrophic 
paralysis of the thighs and of the legs below the knee with consequent 
contractures has Ixjen seen. 

The exact distribution of the atrophy and paralysis depends upon 
the extent of the lesion in the various sq^^ients of the cord. In the 
table already given on page 54 the relation between the various 
mibscles of the body and the various segments of the cord is shown. 
It is therefore evident that from a knowledge of the muscles invaded a 
conclusion can lie reached as to the extent of the lesion. The atrophic 
paralysis of the mihscles is attended by fibrillary contraetions and 
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tremors and by a gradual diminution in the mechanical and electrical 
contractility of the muscle. It is only in the last stage of the disease, 
when the muscle is extremely atrophie<I, that it piusents the reaction 
of degeneration. 

The spinal reflexes may Ikj disturbed in this disease. When the 
symptoms are Iwaited in the arms, elbow and wrist reflexes are lost, 
while the patella reflex is, iis a rule, increased. If, liowevcr, the 
disease invades the lumbar region of the cord the patellar reflex may 
be lost on the side of the lesion.. In a certain number of cases there 
is an extension of the disease into one or botii lateml columns of tlic 
cord. When this occurs the lateral pyramidtd tracts arc affcHitetl and 
the symptonus of spastic pamplegia (see Chapter XVI II.) are added 
to those of the disease. An increase of knee jerks, the appearance of 
ankle clonus and Babinski reflex and the slow development of a spastic 
gait with incontinciKic of urine will be evidence of such extension. 
They follow syriugomyclia of the cervical and dorsal regions. 

In a few cases in which the sacral region of the cord Inis been 
diseased a loss of control of the bladder and rectum has occurred in 
addition to the otlier symptoms. 

The spinal centre of the cervical symjiathetic nerve lies in the first 
dorsid segment of the cord^ and as this segment is very fmjuently 
affected, symptoms of paralysis of the sympathetic of one or Ixrth sides 
are commonly to be dctcctol. They are a narrowing of the palpcl>rul 
fissure, a retraction of the eyeball, sluggish pupillary action, with im- 
pcirfect dilutatiou, a flattening of the side of the face, and a defective 
secretion of sweat. 

The extension ^the disease to the medulla may cause symptoms 
referable to the im^Bbation of the cranial ncrvc's. Atroj)hy with fibril- 
lary tremor in the tongue and facial niuscrlcs, ocular palsies with nys- 
tagmus, and dissociated anaesthesia of the face and head have l)een 
observed. In a few cases paralysis of the vocal cords, disturbances 
in the act of swallowing, difficulty of respiration, and irregular heart 
action have indicaited that the vagus centre has been affecte<l. These 
symptoms arc most serious, as sudden death commonly ensues. The 
term syringo-bulbia has been applied to this group of symptoms. 

The course of the disease is a ehrouic oik*. It advances slowly, and 
the symptoms are, as a rule, well established before the disease is 
recognized. The patients remain for months in a stationary comlition 
or the par.dysis slowly increases until they arc disiibled. The symj)- 
toms may finally extend to the entire bwly, although this is rare. 
Death occurs either from heart failure, or from (iystitis, or btHl-sores, 
or from some intercurrent aflection, or rarely very suddenly without 
apparent cause, reidly from a rupture of the cord allowing an escape 
of fluid from the cavity. 

The following history of a case of syringomyelia under my obser- 
vation at the Vanderbilt clinic illustrates the usual symptoms and 
course of the disease : 

P. S., of healthy parentage, noticed in March, 1896, when he was 
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sixteen yejirs of age, that he was heeoming weak and clumsy in his 
hands, that he was dropping things unintentionally, and was losing 
stK*ngth in his arms. These symptoms were noticed in the left arm 
before they appeared in the right. They were not attended by pain or 
any noticeable sensory disturlmnce. It was noticed that his hands and 

arms became gradually thinner as 
they became weaker, and the emaci- 
ation soon extended to his body, 
especially about the muscles of the 
chest, anil back, and sea pulse. He 
was not aware of any sensory dis- 
turbance until the time of his first 
examination at the clinic in Janu- 
ary, 1807. He had had no trouble 
with his bladder or rectum. He 
had had no symptoms in his legs, 
excepting a slight weariness on any 
exertion, but he had noticed that 
his back had gradually become 
crooked, the right side of his body 
appearing to bulge. It was evident 
from the history that all his symp- 
toms had made such gradual progress 
during the year that they had not 
attracted much attention until his 
imibility comjHjlliid him to quit work. 

Plvamiuation ill January, 1897, 
showed a verj®iarke<l condition of 
atrophy with corresponding paral- 
ysis in the muscles of both npiier ex- 
tremities, cliest, scapulaj, and back, 
as shown in the picture. (Fig. 
138.) No muscle was entirely para- 
lyzed, but all the muscles were ex- 
tremely weak, presented fibrillary 
(ioutractious on exposure to cold or 
on percussion, but did not show 
auy reaction of ilegencratiou. The 
atropliy was most extreme alxnit 
the muscles of the scapulas and in 
the deltoids and upper part of the arms. The muscles of the thorax 
and back were markedly atrophied, so that a loniosis was very evident, 
causing peculiar motions of balancing in the act of walking. The 
atrophy was about equal on both sides. Tlie biceps was less atrophic 
tlian the other muscles of the upper arm. The flexors and extensors 
of wrist and fingers, the thenar and hypothenar muscles, and the 
interossei of the hand, were very much atrophied. The lower portion 
of the pectonilis major on botli sides was preserved, but the upper 
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Case of syringomyelia. Atrophy of the 
muscles of the shoulders and right arm. Cur> 
vaturo of the spine ft>rward from atrophy of 
muscles of the imek. 
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part was atrophic. The muscles of the abdomen and legs were not in 
any way affected, bnt the knee-j(!rka were very miudi exjiggt'nited, and 
there was ankle clonus on both sides. The elbow and wrist reflexes 
were lost. Face was normal. Sensation to touch was pTOserved in all 
parts of the extremities, bcxly, and thorax, but sensiitions of hcsit and 
cold and of pain could not be pereeivwl over the up])er part of the 
thorax or in both upper extremities. Tlie loss of pain sense was 
somewhat less extensive than the loss of siaisiition to heat and cold on 
the back. This patient was observed very carefully in St. Ijiike’s 
Hospital for six months, but there was little or no change in his 
condition.' 

Diagnosis. — When the three characteristic symptoms already men- 
tioned are present in any cast! there is no tjuestion regtirtling the 
diagnosis of syringomyelia. In tlie early stages of the disease, how- 
ever, before all three symptoms appear, the disease may be mistaken 
for other spinal affections. Tims many tiastis are regarded for a enn- 
siderable time as cases of progressive muscular atrophy or of chronic 
anttirior poliomyelitis, and it is only on the appearance of the peculiar 
sensory disorder or of the trophic symptoms in the skin or bones tliat 
the first diagnosis becomes questionable. In other cases the early sus- 
picion may be of tabes, especially if the disease be located in the lower 
part of the ccjrd, for then the pains, especially the burning sensations, 
tlie disturbances in temperature and pain sense, and the piinesthcsia, 
with trophic disturbances in the joints and loss of tendon rclhix at the 
knee may suggest locomotor ataxia, even though the ataxia be not 
manifest. Then it is only when atrophie-s of the musisles and paralysis 
occur that syringomyelia is suspected. The diagnosis from amyotrophic 
lateral sclerosis ma/ be made from the fact that in that disease there is 
an increase of mechanical excitability in the paralyzcil muscles, an 
imirease of reflex action, the early appearance of a spastic gait, an 
absence of sensory symptoms, and little tendency to trophic disorders. 

A general myelitis or a disseminated myelitis may be diagnosticated 
in cases of syringomyelia when both motor and sensory and trophic 
disturbances are present ; but the lack of symmetry of the sensory dis- 
orders ami the jicculiar preservation of the tactile sense in syringo- 
myelia should enable the observer to avoid this mistake. It is, how- 
ever, to be remembered that in some cases the two diseases occur 
together.* 

While it is true that syringomyelia is often due to a tumor of the 
spinal cord, especially glioma, it is to be remembered that tumors of 
the cord are usually limited in extent to two or three s«gments, that 
they produce more widespnsad symptoms than .syringomyelia, especially 
in the body below the level of the lesion ; that the symptoms rcsciinble 
those of a transverse myelitis of rapid onset, and that pain of a severe 
character is a constent symptom in spinal tumors. The course of the 

‘ For other histories the rewler is referred to the American .Journal of the Medical 
Sciences, Mav, 1888, and Decemlier, 1896. 

•Gowers, Diseases of the Nervous System, vol. i., p. 339. 



332 


SYJilXGOMyj-JLIA OR GLIOSIS SPISALIS. 


disease, steiidily progressive in tumor, may aid the diagnosis when 
symptoms are ambiguous. Pachymeningitis cervicalis may give rise 
to somewhat similar symptoms in the arms; but the severe pain in 
the neck, the rigi<lity and the fixed posture, the absence of dissociateil 
autcstliesia, and the luck of trophic disturbances will prevent any mis- 
take in diagnosis. - 

Syringomyelia presents some of the features of bulbar palsy when 
the cavity invades the medulla and jwns ; but the ciivity is rarely con- 
fined to the medulla and poiis, and heu«ie in syringomyelia the symp- 
toms are not exclusively bulbar ; thus a point of distinction betweeu 
tlie two diseases is alforded. 

Prognosis. — The prognosis as to recovery is unfavorable ; but inas- 
much as the disease rarely progresses beyond a certain point it cannot 
be considered dangerous to life. 

Treatment. — There is no known remetly that will arrest the patho- 
logical process. The exjjosure of the back to the ar-mys or to nwliuin 
has been tried and deserves further trial, the results being as yet uncer- 
tain. The symptoms are to be trejited ivs they arise — the paralysis, 
for instance, as in anterior poliomyelitis. The trophic disturbances 
may often be prevented by care, an«l if they occur are to Ije treated by 
rest, by me<;hanieal appliances, or by surgical mesisures. The sensory 
loss cannot be remedied by faradic applications. It is to be remem- 
bered that the diseiise often comes to a spontaneous stiindstill ; hence 
remedies of a constitutional kind are not to be implicitly trusted, even 
though they appear to arrest it. 



CHAPTER XVIII. 


LATERAL SCLEROSIS. SPASTIC PARAPLEGIA. 

History. — A condition of stiffness in the legs that slowly a<lv!inces 
to a state of paralysis, with increased reflexes an<l rigidity, but is not 
attended by sensory symptoms, though recognized by Turek in 185(1, 
was first described by Charcot in 1865. It was carefully studietl in 
187.8 by Seguin,* who named it tetanoid paraplegia. In 1875 a com- 
plete analysis of the clinical symptoms was made by Erb,* who ascrilKsd 
them to an ascending sclerosis of the lateral columns of the spinal cord 
and namtid the affection spasmodic spinal paralysis. In the following 
year Charcot differentiated it more clearly from other spinal aftections, 
naming it lobes dorsale spasinodujm. Careful observation of tsases soon 
develojKjd the fiict that as a symptomatic condition it appeared much 
more commonly as a sec.ondary affection than as a primary disease. 
And, as the lesion of lateral scslerosis was ascertained to be in nainy 
cases the result of transverse lesions of the cord at a high level, and 
its identity with setiondary descending degeneration in the lateral 
columns was established, many observers deni<*d the existence of a 
primary lateral sclerosis and affirmed that every case, if of sufficient 
duration, would prove to be of a secondary nature. It was shown that 
the lateral tracts in the spinal cord, the sclerosis in which csuise<l the 
symptoms, are made up of axones whose neurone bodies lie in the motor 
are-d of the cerebral cortex. And it was proven that any disease wliich 
affected these neurones, whether in the brain cortex or in the sub- 
cortiml tracts, in the brain axis, or in the spinal cord, unilateral or 
bilateral, is capable of causing the symptom of spastic paralysis. It 
was evident, therefore, that as a symptom it might appear in many 
diflerent diseiises and be due to many various lesions. 

It has been shown that lateral sclerosis results from ; 

1. Any disease in the brain that affects the motor tracts, such as 
tumors, softening, hemorrhagic destruction, or inflammation, with its 
degenerative results. Thus it is the le.siou present in infantile cerebral 
palsy (Little’s disease), whether unilateral or bilateral, and also in 
hydroce|ihalus. It nniy also occur in multiple scleresis. After brain 
diseases it is usually unilateral. It may b(f bilateral if tlie brain axis 
is destroyed and both motor tracts are affected. 

2. Any disease in the spinal cord that involves the lateral columns 
or cuts them off from their nutrient cells in the cortex of the brain, 
such as transverse myelitis, hemorrhage in the coixl, syringomyelia, 
combined or disseminated sclerosis, or tumors of tire cord. 

’ New York Medical Journal, 1873. 

* Vircljow’s Archiv, vol. Ixx., and Berliner klin. 'Woch., No. 26, 187.5. 

3.3.3 
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3. Any discsi.se of the spine which compressi*s tiie spinal cord, such 
as caries, tumors of tlic vertebra, psiehyiueningitis, or aneurism. 

There are, however, cei’tsiin csises in which the symptoms of spastic 
jHiraplegia develop that esiuuot be assignsid to any of these causes, sinsic 
no symptoms of these diseases appwir. And in a few sufJi cases death 
has (Xicurred and. the autopsy has pi-oven that the lesion was a lateral 
sclerosis.* OppenlM.-im, Dejcrine and ScJtas, StriimjK!!!, and othrjrs 
have publishtxl ciises. Therefore it is admitted that the disease may 
ot'cur as a primary one, being a dcg(*neration of the motor neurone, 
whost; Ixxly lies in the brain cortex and wlio.se axonc lies in tlic lateral 
pyramidal tract. This is the cortico-spinal element of the motor tract. 

It has already been shown that the spinomuscular element of this 
tract is .subject to degeneration in chronic anterior poliomyelitis (page 
281). It has Ixicn shown that in amyotrophic lateral sclerosis both 
cortico-spinal and spinomuscular elements are degenerated together 
(page 291). Hence the argument, from analogy, |x)int8 to the exist- 
ence of primary lateral sclerosis. Furthermore, Strumpell has shown 
that in certain families a tendency exists to an impertlxit development 
of the lateral columns of the cord, and he has established the existence 
of a family type of lateral sclerosis. Therefore the existence of the <lis- 
ease, both congenital and acquired, must be admitted, having bcxai proven 
by |iathological ob.servation. 

In 1892 Erb differentiated from primary lateral sclerosis a seijond 
clinical form due to syjihilis, and name<l it syphilitic spastic .spinal 
paralysis. It iLsually develops within tivii years of the initial lesion. 
It differs from spastic paraplegia in the facts that disturbaiuics in the 
control of the bladder and recitum occur, and that there may be slight 
subjective and objective disturbance (if sensation. It has a slow onset 
and a ehroni<! <!our.se. An analysis of the cases made by Kixih * in 
1893 and added to by StrumjHill® in 1904 has shown that the lesion 
is a transverst! myelitis of the dorssd region of the cord, more or less 
incomplete, with secondary degeneration downwaiil in the lateral 
columns and upward in the posterior columns. Erb is inclined to 
consider the.se degenerations as jirimary and due to the syphilo-toxins, 
but admits that they may be secondary to the transverse lesion. It 
will be considered under chronic myelitis, as I do not regard it as a 
true primary lateral scihirosis. 

Etiology. — The etiology of s|)astic paraphigia is obscure. In a few 
eases long marches and ov(!rexertion have Ixicn known to preciede the 
development of the diseas(!. 

Trauma has been thought to be a cause, for some (vases have devel- 
ojied after falls or blows on the back. It lias Ixxiii thought to be trace- 
able to iufe(!tiou.s diseases in a few ca.scs. 

kSy])hilis causes a condition closely allied to lateral sclerosis, and is 
prolxibly a cause in some cases. But, as iu tallies, the affection is usu- 

' K'c ten enses cited by Erb, Lancet, CX:toiier 11, 1902. 

’Dent. Zeitschr. f. I^rvenheilk., 1893, vol. iii. 

’Tbi<i., Vol. xxvii., p. 291. 
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ally a parasypliilitic disease and does not yield to mercnrials and 
iodide of potassium. 

Persons in middle life are most liable, the majority of cases devel- 
oping between the ages of twenty and forty yeiim. Even some of the 
family cjases do not develop until after the age of twenty years. 

Pathology. — The pathology of the atfection consists of a degenera- 
tion in the cortico-spinal element of the motor system, beginning in ita 
jteripheriil portion, which lies in the lower part of the lateral pyram- 
idal columns of the spinal cord. Tlic degeneration appears to lx* a 
primary one, not of an inflammatory nature. Little by little the 
axones atrophy from below upward and disitppear, the myelin that 
surrounds them is absorlxd, aud a secondary hyperplasia of neuroglia 
occurs, resulting in a sclerosis accurately limited to the distribution of 
the long tmets of motor function in the spinal cord. In the cervical 
region the anterior median columns of tlie cord have been found 
sclerosed. Tlie association tra(!ts of the <!ord appear to escape, and 
thert! is no affection of the anterior horns or of the spinomustadar 
element of the nervous system. The apjKiarauce of the spinal cord is 
not unlike that already shown in Pigs. 16 and 17, page 60, which 
demonstrate secondary lateral sclerosis. 

Symptoms. — The symptoms of spastic pandysis are a very grad- 
ually increasing stiffness and rigidity of the muscles of the legs 
attended by an increase in the reflexes and a tendency to crjimps and 
tre,mor. The disciuse may begin on one side, but soon becomes bi- 
lateral. The patient appreciates difficulty in all motions of tlie legs ; 
he (iannot step freely, he cannot go up stairs with comfort on account 
of great stiffness of the joints and muscles. It requires a great effort 
to produce sliglit movements, and passive motion is as difficult as active 
voluntary motion. 

The g!iit is characteristic of the affection. The feet arc not lifted 
from the ground, the toes are dragged, the shoe wears out on its inner 
surface and toe, the legs ciinuot bcahlucted freely, and the knees have 
a tendency to overlap. The patient shuffles along the ground, his steps 
be<!omiag short, there being trepidation due to the increase? of reflex 
.‘iction, clausing a clonus of the foot at every step. Much fatigue is 
felt on walking, and the muscles ofUiii ache. Little by little tlu; stiff- 
ness increjiscs until the entire lower extremity a])peai*8 to be moved as 
a mass without any motion of the ankle or knee-joints, aud all efforts, 
such as crossing the leg, kneeling down, or kicking, are very nunih 
hamjHjnid and Anally become impossible. 

The muscles appesir to be made of hard, tense coixls, and offer re- 
sistance to any passive movement. Percussion upon the musede or 
upon its tendon is immediately attended by a quick response, or even 
by severe twitchings, or by a marked clonus. Such twitchiiigs and 
spiisms may oecmr spontaneously and the patients complain of cramps 
and of twit*!hing8 which often intorfere with sleep. Ankle clonus 
appears early ; a clonus is often obtainable in the toes, and pressure 
upon the patella or ujxtn the addu«!tor tendons of the thighs may elicit 
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a clonus. Sometimes a sudden tonic spasm of the legs cjiuses a 
straightening out of the limb and adduction of the thighs. The 
Babinski reflex appears early. The muscles of the hip are not as 
early or seriously affected as those of the knee and ankle, conse- 
quently the patient can walk for several yesirs after the disease has de- 
velojMid and can move the thighs in l)ed, even when unable to walk. 
But as the disease goes on and the patient is finally confined to the 
chair or bed, contractures of the affected muscles occur, the knees are 
drawn up and overlapped, the heels are drawn tightly against the 
buttocks, and the greatest efforts of the examiner fail to produce an 
extension of the legs. In this condition, when the muscles cMinnot be 
actively or passively moved, they gradually atrophy from disuse until 
finally the legs are reduced to a skeleton appearance, the few mustdes 
left l)ciug still contractured. During ail this period tlierc are no 
sensory symptoms excepting general muscular pains, and there is no 
disturbance of the bladder or rectum. There are no trophic changes 
unless toward the close of life long-continued pressure or lack of care 
results in the apj)earancc of beil-sores. The electrical contractility of 
the muscles remains normal. 

The disease may come to a standstill, as in cases reported by Erb 
which had been stationary for twenty to twenty-six years, or it may be 
a very slowly progressive one, and it is only in the last stages that any 
stiffness or rigidity of movement appears in the iipjHir extremities. In 
fact, very often these escape entirely. When they are involved the 
extensors are first affected and become rigid before the flexors ; the 
tendon reflexes are greatly exaggerated. Wrist and finger clonus is 
obtained, and a tremor often appears in the hands. 

Diagnosis. — The diagnosis of primary lateral sclerosis should only 
be made after a careful seandi for a cause (see page 334), and every 
effort should be made to discover some other disease to which the 
symptoms of spastic paraplegia are secondary. In the absence, how- 
ever, of any such affections the diagnosis may be made. Hysteria 
sometimes causes a condition of spastic paralysis, but the general his- 
tory of the patient and the course of the case, especially the rapid onset 
of symptoms in hysteria, will enable a diagnosis to be made. 

R>0^osis. — The prognosis is invariably unfavorable as to recovery, 
but the course of the disease is so very slow that the patients may be 
assured of many years of usefulness after the disease is well developed. 
In some cases a stationary period occurs under careful r6gime. 

Treatment. — The treatment is palliative. Overexertion is to be 
avoided, and yet walking should not be aliandoned until impossible. 
The gimeral health should be kept in good condition, and every means 
known to increase the nutrition of the nervous system should be 
employed. 

Thes<! means are fully discassed in the treatment of locomotor ataxia, 
and wlmt is there re<iommended to arrest the progress of the disease is 
equally applicable to the tr^traent of lateml sclerosis. 

The' symptom that gives greatest annoyance in spsistic paraplegia is 



TREATMEyT. 


337 


the spasmodic contraction of tlie muscles, causing jumping of the legs 
or sudden extensor spasm. This can often be controlled by hot baths 
or by the application of hot bsigs to the spine. It may Ixi much relieved 
by the use of bromides in full doses or by bromide and chloral («)m- 
bincd, or by the use of the coal-tar preparations, of which antipyrine 
is the best. Masstjge of the affeettid muscles may also give some relief 
if the s|)asm occurs at uight and disturbs sleep. 
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CHAPTER XIX. 

LOCOMOTOR ATAXIA, TABES DORSALIS. POSTERIOR 
SPINAL SCLEROSIS. 

Loa)MOTOR abixia is a chronic disea.se of the sensory portion of the 
nervous system. 

Pathology. — The primary lesion lies in the posterior spinal gan- 
glia and in the ganglia of the cranial nerves. The ganglia of the sym- 
pathetic nervous system may also be involved. The neurone bo<lie» 
lying in these ganglia are affected by the agent producing the disease, 
and constKjuently undergo pnxjesses of degeneration, with swelling, 
chromatolysis, vacuolization, pigmentation, and albuminoid and fatty 
degeneration of their axones. 

It will be remembered that the structure of a sensory cell differs 
wholly from that of a motor cell (see page 24). It is a flask-shaped 
botly with but one process. This divides at a little distance from the 
b(xly into two axones, of which one passes inward through the posterior 
nerve root into the spinal cord or into the brain axis ; the other passes 
outward in the nerve to the surface of the body, (^j Plato II., B.) 
When degenerative processes attack this neurone it is possible for the 
degeneration to appear in the jieripheral termination of the nerve at 
the surface of the laxly only. This occurs in many forms of multiple 
neuritis. Under these eireumstaiuscs the further away the degeneration 
is frf)m the laxly of the cell the slighter the (ihange in the cell laxly, and 
this in many specimens escajxjs notice. In some cases of lo<H)motor 
ataxia a degeneration of the peripheral nerves has bi^en found. In 
other cases it is the (central axone of the cell body, the one extending 
inward to the spinal cord, which apiaiara to be primarily affecttxl, and 
here again in the early stage few changes may be visible in the cell 
body, though the degeneration of the tenuinal filaments of the central 
axone may be complete. This is the case in locomotor ataxia in the 
early stage of the disease, and hence for many y«!ars the disease was 
supposed to be a primary posterior sclerosis, as the lesion was appar- 
ently limited to the ja)sterior columns of the spinal cord. 

But recent investigations have demonstrated that the posterior 
columns of the spinal cord are made up of a number of distinct sys- 
tems of tracts which have been divided into two categories and named 
“ exogenous ” and endogenous,” according to the origin of the fibres 
taking part in their structure. The exogenous fibres are those tliat 
enter the pwterior columns from without, that is, through the posterior 
nerve roots, and these are the fibres which are primarily involved in 
locomotor ataxia. Endogenous fibres are really association fibres and 
arise witliin the cord from cells of the gray matter and connect the 
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various segments with one another. Those ciulogtmous fil)rc8 develop 
later in embryonal life than the exogenous fibres, ainl hen(;e can be 
distinguisluHl from them by the method of Flechsig. Flechsig showed 
that it is possible t> separate various systems of fibres in the spinal 
cord from one another by a study of their development in fictal life. 
The axones of different systems are covered l)y myelin at different 
p(*riods. Jn Fig. 13!) the four difterent systems of fibwis are shown that 



Fia. 139. 




Ill 

Development of ponteHor columns of spinal coni In embryo. T., feetus, S4 cm. ; a, undeveloped 
area ; r, first system of fitircs ; 11. , ftetus 28 cm. ; beginning myclinlnlaation in second system ; r, 
first system completely dcvelo[)Cd ; 111., fmtus, 35cm. ; partly devclojied second syKtem : ft, imrtly de- 
veloped third system ; c, fully dcveloiied first system ; /, partly develo{)ed fourth system. (Trcpiiiski.) 


can be distinguished from eiich other by his metluMl in the ixisterior 
columns of the lumbar region of the cord. If three specimens from 
tabetic patients who have died in the early, middle', and last stage of 
the elisejise respectively. Fig. 140, be compared witli these fcetal cords, 
it becomes evident that the different systems of filires in the coni are 
involveel in tiibcs at difierent stages of the discsise, and that one system 
of fibres, viz., the enelogenous system, always escapes. 

The study of degenerations in the spinal cord occurring subsciqnently 
to lesions of the jiosterior nerve roots at ilifl'erent hjvels also afibnls a 
demonstration of the existence of exogenous iis distinguished from 
endogenous fibres, the latter being unaftccted in lesions of the po.sterior 
nerve roots. Sclerosis following such external lesions is iihsntical in 
its situation with that occurring in the early .stages of tabes. (Sec 
Figs. 25 to 27, page 70. 

For these reasons we are forced to conclude that tabes is not pri- 
marily a disease of the spinal cord, but that it is a disease of the sen- 
sory neurones, resulting in a degeneration of the exogenous fil)res 
IMissiug into the spinal cord from those neurones. Suesh degeneration, 
like that in other portions of the spinal cord, is followed by a condition 
of .sclerosis, and this sclerosis is necessarily limited to the situation of 
the degenerated fibres. 
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It will be remembeml that the posterior nerve ro<jt on entering the 
spinal eoni consists of a number of different sets of fibres of different 
destination. (See Figs. 23 and 24, page 67.) Many of these fibres 
bifurcate on entering die cord. (1 ) There are fibres which enter direcjtly 
at the apex of the |xi8terior horn and turn upward in the small bundle 
of Lissaucr and enter the jxisterior gray matter at a level a little higher 


Fi(^ 140. 



m 


The lesions of talies. I., the first system, c, is first affected by sclerosis— In the early stnf;e, a, b, 
and/escaiie; 11., the second, o, and third, 6, systems arc next Involved In the sclerosis, which becomes 
complete in the first system, e, in the medium stage ; III., last stages of tabes— all systems except the 
fourth,/, arc scleroOc. (Treplnsfcl.) 

than thtiir entrance. Some fibres turn downward as well as upward 
in the column of Lissauer. (2) Other fibres enter the spinal cortl 
opposite the posterior horn and penetrate directly into the horn, where 
some end in the network of fibres about tlic cells of the gelatinous sub- 
stance or deeper within the horn, and others pass forward and cross 
over in the gray commissure to the opposite side, where they turn out- 
ward into the antcro-lateral column or backwaid into the column of 
Goll. (3) The majority of fibres from the posterior nerve roots enter 
the spinal cord in what is known as the median bundle, and these pass 
directly into the column of Burdach, curve around the median surface 
of the posterior horn, and form what is known as the root zone or lateral 
zone of the column of Burdach. If we follow these fibres after their 
entrance into the root zone we find them distributed in every possible 
way in their pa.saagc to the posterior horn of the coni, (a) Some fibres 
turn downward, forming the comma-shaped column of Schultze, and 
these terminate in the second, third, an<l fonrth segments below their 
piint of entrance. (6) Others paas almost directly into the gray matter 
at the level of their entrance, (e) Others, which are short, pass up- 
ward through two or three segments., (d) Others still, of medium 
lengtl), jiass upward through four or six segments, forming the middle 
zone <>f the column of Burdach. (c) The remainder (long fibres) pass 
aU the way up to the medulla oblongata, occupying the column of Goll 
or the median portion of the column of Burdach. An attempt is made 
in Fig.s. 23 and 24 (iiage 67) to demonstrate this distribution of the 
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various fibres entering at diflereut levels. (See also Plate IX., p. 50.) 

All these fibres are degenenite<l in locomotor ataxia. The extent of 
the degeneration in the spinal cord will depend entirely upon the severity 
of the disease and upon the number of posterior nerve roots which are 
involvetl in the affetjtion. 

In the early stage of locomotor ataxia, when but few fibres are 
degenerated, the region of stslerasis is extremely limited in extent. As 
the disease begins in the vast majority of cases in the neurones of the 
lumbar nerves, it is in the lumbar segments only of the coixl tliat the 
lesion is evident, though, inasmuch as these lumbar nerves send some 
fibres all the way up to the meilulla, an examination Avill show some 
affection of every segment of the spinal cord at the area through which 


Fig. 141. 



First lumbar Mgment of the coni In locomotor ataxia Iti the early stage of the disease. The sclerosis Is 
more evident on the right side In the root zone of the coluiim of Uurduch, 


they pass. Figs. 141 and 142 demonstrate the distribution of the 
lesion in early eases of talws where the lesion was thus limite<l to the 
lumbar enlargement. 

As the disease advances, a larger number of ganglia and po.sterior 
nerve roots are involvetl, and a greater extent of tissue is degenerated 
in the posterior columns. The stiries of sections (Figs. 144 to 146) 
demonstrate the lesions of tabes. The original lesion has destroyed 
the posterior columns in the lumbar region and has extended through 
the dorsal region, and involved the cervical region of the cord. These 
figures show a series of sections at various levels from a patient who suf- 
fered thirty years from the disease, and whose symptoms were as marked 
in the upper extremities as in the lower. In all these raises it is evi- 
dent that the chief sclerosis is in tlie columns of Goll. The columns 
of Goll are made up almost entirely of fibres which have come from the 
sacral and lumbar regions of the spinal cord, and as these are first and 
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chiefly aflectcd, the lesion is most intense in them. These escape in 
any case of tal>cs limited to the cervical region. 


Fio. 142. 



The lesion In the mot zones In Ihe early stnRC of locomotor ntaxlz. Weigert neiitoglia stain. 

The (Iroply staiiunl tissue Is siUerotic. (Schiiiaus-Sacki. ) 

In a case of medium intensity, when the spinal cord is removed, a 
thinning of the posterior nerve roots is very often apparent. They 


Fia. 143. 



Ixicomotor otexiu. Lower ocrvicnl n*gion. The contrast lietwocn the sclerosis iu both posterior 
columns and the noriual tissue In the lateral columns is marked. The souc near thu iKwterlor com- 
missure contains many normal fibres. The white iiatcb in the left lateral column is u dcrect in the 
cutting. (laarkin.) 


- < 

are smaller in calibre than the anterior nerve roots. The posterior 
surface of the spinal cord is evidently somewhat flattened in the sacral 
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and lumbar regions, and this can be seen in the sections. The trans- 
verse sections of the cord at different levels demonstrate the existence 
of sclerosis limited to the posterior columns of the cord. This 
sclerosis may be in early cases entirely limited to a small region ad- 
jacent to tlie posterior horn (Fig. 141). In other cases the sclerosis is 

Fia. 144. 



l.«oGomotor atuxia. Lettiou at iho lower lumbar region. The median portion of the column of (loH 
is normal. The root aono ib chleHy affeeted. (Larkin.) 

more extensive (Fig. 147), but in all cases a region adjacent to the pos- 
terior commissure will be found to contain normal fibres, and another 

Fio. 145. 



Tiocomotor ntaxia. Ix^sion at the mid-dorsal region. The posterior marginal rone near the post- 
commissure is normal, lioth columns of (toll and Hunluch and T<is!utu('r*s columns arr< ufTcctcd. Same 
case as Fig. 144. ( Larkin . ) 

region adjacent to the posterior fissure and along the periphery of the 
eon! may escape (Fig. 1 46). These arc the pf)steri()r cornn-commis- 
snral tract and the sulco-marginal tract, which consist of endogenous 
fibres. A careful examimation of the sclerotic; region will also demon- 
strate the existence within it of numerous normal fibres which are also 
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undoubtc<lly of endogenous oi^in, belonging to the third set of fibres 
develo|)ed in embryonal life. (See Fig. 139.) 

In very advanced cases of tabes the lesion through the cord is ex- 


Fio. 146. 



Locomotor ataxia. Lesion at lower cerrlcal region. Both ]) 08 terior columns are afTected excepting 
in the area near the jKMterlor commissure. Same case as Fig. 144. (l^rkin.) 


tensive, involving both the columns of Burdach and of Goll, but even 
here the escape of the cornu-commissural and sulco-mai^iual tracts is 
manifest. 

Fig. 147. 



I.ocamoU>r atsxU. Lealon at the inldK»rvlcal region. (Larkin.) 


Degeneration is found not only in the columns of the cord but also 
in the posterior horns of the cord, into which many fibres, as already 
stated, pass from the posterior columns. It will be remembered that 
the posterior horn of- the cord is made up of a gelatinous and spongy 
. substance, the substantia spongiosa, lying nearer to the periphery than 
the substantia gelatinosa. These two substances are permeated by the 




PLATE XVIII 



Sclerosis cf the Posterior Column. (Schmaus.) 

Hyperplastic elia ‘(stained blue) with K few nerve fibres still preserved, n. Nerve 
yellow, k. Nuclei of the glia, b b*. Bloodvessels, In the lower part normal 
Weigert's glia stain. X360. 
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fine fibres of the cord, and these fibres are degenerated within the gray 
matter, but no special lesion cun be demonstrated other than an in- 
creased pallor of these substances when methods of staining such as 
that of Weigert are employed. 

A large number of the fibres of the posterior nerve roots jmss into 
the column of Clarke (a column of large, round cells lying at the base 
of the posterior horn). These fibres are also degenerated iu locomotor 
ataxia, and the fine plexus of terminal filaments about the cells of tlie 
column of Clarke gradually disappear. The cells of tl>e column of 
Clarke themselves are not in any way altered in the disease. 

Many fibres that enter the posterior gray horn can be traced in 
normal cords inward through the central gray matter into tlie anterior 
horns of the cord, where they terminate about tlie cells of the anterior 
horn. These are supposed to convey impulses leading to reflex action. 
These fibres also degenerate in cases of locomotor ataxia; hence in ad- 
vanced cases, if methods of staining are employed to demonstrate the 
fine network of fibres within the gray matter, this network will be seen 
to bo thin. 

The process of sclerosis present in tabes resembles that in other 
forms of sclerosis of the spinal cord. There is a thickening of the 
neuroglia tissue (Plate XVIII.) and a gradual disappearance of the nerve 
fibres. Here and there through the glia are found spider cells and a 
very marked increase of glia fibres is present everywhere, as shown by 
the Weigert stain. Nuclear cells are distributed throughout the 
sclerotic patch, but this sclerosis is a process distinctly secondary to 
the degeneration of the nerve fibres, and may be termed a substitution 
hyperplasia rather than a primary formation of neuroglia. 

A thickening of the meninges of tlie cord is commonly present in 
tabes, though slight in degree, and there is a closer adhesion of the 
meninges to the cord than in normal cords. This fact has given rise to 
the so-called meningeal tlieory of the origin of tabes, which is prob- 
ably true for a certain proportion of the cases. It is supposed tliat a 
primary thickening of the meninges, either by syphilitic deposits or by 
a primary connective-tissue inflammation, produces a compression of 
the posterior roots in their passage through the meninges into the 
spinal cord ; and hence a secondary degeneration and sclerosis occur 
whose distribution would naturally under these circumstances be 
identical with that already described. In. cases where syphilis is the 
primary cause of a meningeal thickening a syphilitic exudation is 
usually present in the bloi^vessels, with thickening of the intima, 
causing a reduction of the edibre of the vessels, and occasionally an 
obliteration of the lumen. This has been found in some cases of tabes. 
Such meningeal thickening or connective-tissue growth in the pia 
mater at the point of entrance of the posterior nerve roots may cause 
constriction at the entrance of these nerve roots and be sufficieid to 
produce a degeneration in the nerve fibres. 

Bedlich' and Nageotte* have laid a great deal of stress upon this 
constriction as the active cause of degeneration in tabes ; but it must 

* Path, dea Ibbes, Jena, 1897. * Bui. de la Soc. Anat, Nov. and Dec., 1891. 
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be admitted that this is not a constant factor and that it is not present 
in the vast majority of the cases of tabes. Another fact which bears 
against this meningeal hypothesis of the origin of tabes is that in very 
many cases of meningitis, and even in cases of syphilitic meningitis, no 
such ascending degeneration as is found in tab^ in the posterior root 
fibres can be demonstrated. S<;hmaus has called attention also to the 


fact that the absolutely symmetrical character of the degeneration in 

tabes would be extremely unlikely 


Fiq. 148. 



Spinal ganglion In locomotor atoxlo, showing 
the degeneration In the iiustcrlor nerve root (hve) 
on the spinal side of the ganglion as contrasted 
with the normal appoaianccof the some fibres (p) 
on the peripheral side of the ganglion. (Hedlldi.) 


in case the origin were a diffuse 
meningeal process. 

Finally it is necessary to men- 
tion certain changes in the posterior 
spinal ganglia which have been 
found in tabes. An examination 
of tlic nerve roots on the periph- 
eral and central sides of these gan- 
glia has demonstrated that the 
degeneration and atrophy of the 
nerve fibres is found on the central 
side only. (See Figs. 148 to 150.) 
And a marked tliickcning of the 
connective tissue forming the cpi- 
neurium and iierineurium of these 
bundles of degenerated nerve fibres 
has been observed. This connec- 
tive-tissue growth has been fol- 
lowed into the ganglion, and evi- 
dence of an extreme degree of 
interstitial inflammation has been 
found there. (See Fig. 151.) 
Whether this inflammation is the 
primary cause of the degeneration 
of the sensory neurones which lie 
in the ganglia is not yet determined. 

While the lesion in tabes is 
limited to the sensory neurones of 
the nervous system, it must be 
admitted that no satisfactory theory 
of its pathogenesis exists. It is 
not yet known why the lesion is 


manifest in the central axone of the sensory neurone, and yet is in 


some cjiscs wanting in the neurone body and in the peripheral axone. 
Etiology. — The most common predisposing cause of locomotor 


ataxia is svi)hilis, a fact to which Erb was tlie first to call attention. 
Various observers have published statistics which bear upon the ques- 
tion of the relation of syphilis to tabes. Mobius, Gowers and Drum- 
mond believe that all cases are syphilitic. Erb, Fournier, Hirt, 
Aufimow, and Sachs found 90 per cent.; Mendel, Senator, and Eisen- 


lohr, 75 per cent; Bramwell, 65 per cent; Dana, 50 per cent; Eulen- 
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berg and Motschutkowski, 36 per cent. ; syphilitic. Since the exam- 
ination of the spinal fluid and of the blood has enabled a pt)8itive state- 
ment to be made in regard to any case, Noune * has found that by these 


Fio. 149. 



The ICRlons of the posterior nerve roots in locomotor ataxia. A, a section tliroaKh the anterior 


and posterior nerve, roots on the spinal side on the fourth lumbar posterior spinal ganglion. The 
anterior nerve root (above) is normal. The posterior nerve root Is divided into many bundles, in 


irhich tiui m^lority of the fibres are degenerated. The increase in the connective tissue of the peri- 


neurium and cplncuriuro in the posterior nerve root is very marked. (Thomas and Mauser, Icon, de 
la.Salii«trtbre, vol. zv., 1902, Plate XL.) 


Fig. 150. 



B, a section through the anterior and posterior nerve roots on the peripheral side of the same 
posterior spinal ganglion. Both anterior (on the left) and posterior nerve roots arc normal, and the 
connect! re-tissue sheaths are not thickened. The two sections show the great dltrcrence In the posterior 
nerve fibres before and after their passage through the ganglion. (Thomas and Hauser, loe. cit.) 

* Syphilis und Nervensystem, 1909, p. 613. 
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tests 96 per cent, of cases of tabes are syphilitic. In 174 cases in 
my private practice 129 were certainly syphilitic, 18 probably syph- 
ilitic, and 24 were not syphilitic j that is 83 per cent. In 408 cases 
in my clinic 246 were syphilitic, 49 were probably so and 1 13 were 
not ; that is 70 per cent. 

The influence of syphilis in the production of tabes becomes more 
apparent when attention is called to the fact that it is present in only 
about 20 per cent, of cases of other forms of spinal-cord or nervous 
eflcctious. Thus Erb found in 6,000 cases of nervous disease, exclud- 
ing tabes, that 20 })er cent, were syphilitic, and Eisenkolb in 2,000 
cases of nervous disease that only 16 per cent, were syphilitic. Wc 
must admit, therefore, tluit syphilis is a very marked predisposing 
cause of tabes. But we cannot admit that tabes is a syphilitic disease. 
There are many nations and there is a class in the community (prosti- 
tutes) particularly subject to syphilis, but rather unusually exempt 
from tabes. Thus it is rare to find tabes in Japan, or in China, or 


Fig. 161. 



Leilons of Uie poatorinr spioiil ganglion in locomotor gtakla. Section through the fifth lumber 
ganglion. Diminution of the fibres in the nerve roots, many of which show no myelin sheath. Great 
Increase of connective-tissue throughout the ganglion, many oonnective-tissue nuclei, and thickening 
of eiilneurlum. (Thomas and Hauser, loo. olt.) 

among the negro race, though syphilis is very common in all these 
peoples. And almost all authorities agree that treatment by mercuiy 
and iodide of potash, while eflicacious in .all forms of syphilitic disease; 
is of little benefit in cases of tabes. Hence, while we admit that syphilia 
is a predisposing cause of the disease, we cannot Consider tabes a syphi- 
litic affection. The most reasonable hypothesis is that syphilis, like 
diphtheria, leaves in the system a toxin which has a specific actiim on 
the neurones'. It may also be supposed that syphilis produces 'a weak- 
iKItd nutrition in the sensory elements of the nervous system, thtis pre- 
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disposing them to the deleterious action of other infectious or of any 
agent tending to produce a malnutrition or tending in any way to 
exhaust the sensory elements. 

There appears to be no fixed period after the syphilitic infection 
within which tabes develops. If a large number of cases (1,000) be 
collected it will be found that the disease develops witliin five years of 
the infection in less than 20 per cent. ; tiiat it develops between five 
and ten years after die infection in 25 per cent. ; between ten and 
fifteen years in 22 per cent. ; between fifteen and twenty years in 20 
per cent., and that it may develop as late as thirty or even thirty-five 
years after the original disease. 

Exposure to cold, overexertion, especially by long-continued stsind- 
ing, or long marches, or a combination of these causes, such as occur 
in workmen who stand and labor in damp places ; tmumatism, such as 
falls or blows npon the back or upon the buttocks or upon tlie feet, and 
sexual excess are all causes of locomotor ataxia. It is to be remem- 
bcre<l that individuals whoso nutrition is poor or those who have 
indulged in alcoholic excesses are much more liable to develop tabes 
than otherwise healthy individuals. In one of my cases the symptoms 
followed soon after a severe blow in the dorsal region, and in a num- 
ber of my cases a history of excessive standing or walking was 
obtained. 

Locomotor ataxia is a disease of adult life. It is true that a few 
cases of juvenile tabes have been recorded. These are very exceptional, 
and have been traced in all cases to hereditary syphilis. The follow- 
ing table shows the age of patients atfected in 1,000 cases : 


Table VIII . — Age at Onset. 
Between 10 and 20 years of age 

“ 20 “ 30 “ “ ... 

“ 30 “ 40 “ “ ... 

“ 40 “ 60 “ “ 

“ 60 “ 60 “ “ 

“ 60 “ 70 “ “ 


2 cases. 
96 “ 
460 » 
348 “ 
90 “ 

4 “ 


The disea-se is more common among men than among women. Of 484 
cases of ^hich I have records, 4.31 were males and 63 were females. 

Symptoms. — The symptoms of locomotor ataxia are very numerous 
and may be classifiefl according to the time of their appearance. 
Though it must be admitted that while ordinarily there is a definite 
succession in the appearance of these symptoms, all cases do not con- 
form to the rule. We distinguish between a stage of pain, a stage of 
ataxia, and a stage of paralysis. 

The First Stage or Stage of Pain. — Paresthesia arc the most common 
of the early symptoms of locomotor ataxia. These were complained 
of in all but five cases out of four hundred and fifty-two. The patient 
complains of tingling and numbness in the legs, of a feeling as if ants 
were crawling over the surface (formication), of a sensation as if the 
limbs were a.sleep, or as if he were walking upon cotton or upon pins ; 
of uniuual sensations of heat or of cold in various regions of the skin, 
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of sensations of itching or of sharp burning, and of sensations of un- 
due fatigue on slight exertion. These may remain during the entire 
course of the cjise and give rise to great discomfort, or as the case goes 
on they may subside, and in the later stages no longer be felt. They 
are evidence of irritation in the scsnsory nerve fibres, and are really 
illusional sensations not due to any actual disturbance in the parts in 
which the sensations are felt, but having their origin in tlic nerve 
roots at their entrance to the spinal cord, and being referred by con- 
sciousness not to their actual site of origin but to the periphery from 
which the irritatefl fibres arise. These abnormal sensations are usually 
felt first in the anterior and inner surface of the tliighs or in the outer 
sitle of the legs below the knee, and gradually increase in extent until 
the entire lower extremities are affect^. They may then be felt in the 
Ixxly and trunk and thorax. They finally reach the upper extremities, 
being felt first in the little fingers and inner half of the hand, and 
then in the arms or even in the neck to tlie head. The so-called girdle 
stmsation is a hypersensitive condition of tlie skin w'th the production 
of parsesthesia on pressure. It is felt about the waist, but as the dis- 
ease advances may ascend little by little until it is felt like a collar 
around the neck. This feeling of pressure is at times very intense 
and extremely disagreesible. Patients describe it as a cord or band 
tied tightly about the Ixxly. 

Pain is tlie most serious and distressing of all the symptoms in 
locomotor ataxia. It may be the first symptom jxirceived ; in fact, it 
is very often the only symptom present for many months before the 
physical signs of tlie disease appear. It was complained of in all but 
nine out of four hundred and fifty-two cases. This pain is of the 
sharp, shooting character, hence often 'termed “lightning pain.” It is 
neuralgic in character, is not continuous for any length of time, but 
the attacks may occur with such frequency as to lead to periods of pain 
lasting for hours or even for days. Pain may be deep in the limbs or 
may be distinctly localized upon the surface of the body at some small 
area. It usually begins in the inner surface of tlie thigh, or on the 
anterior surface of the thigh, or about tlie knee, or down the outer side 
of the leg. As the disease advances it becomes more extensive in its 
distribution and advances gradually upward, being felt about the boily 
and finally in the hands and arms. It -continues as a prominent 
symptom throughout the first stage of the disease, but does not by any 
means disappear in the second sta^, and though very often much less 
intense, it may continue into the stage of paralysis. Thus in one case 
at present under my care where the disease has been present for twenty 
years and where the patient is completely unable to walk or to stand, 
attacks of pain come on about twice a year, lasting for a week or ten 
days with as great intensity and severit)^ as at the outset. In this 
patient these attacks are continuous, the sharp pain intermitting for a 
few ntinutes only and persisting night and day, preventing all rest and 
interfering markedly with nutrition and being attend^ by rapid 
emaciation. * No special cause can be ascertained for these attacks of 
pttin, and nothing influences them excepting enormous doses of mor*- 
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phine, and even ten or twelve grains a day at times fail to hold the 
pain in check. In this ciise the pains are entirely limited, as are all 
the symptoms, to the legs, the disease never having advanced above the 
level of the first lumbar segment of the cord. Sudden attacks of 
pain may be located about the body and in the epigastrium, attended 
by vomiting, and may be the first sign of the disease in certain cases. 
Neuralgia of the trigeminal nerve is extremely rare in tabes. Pain 
may be mistaken in the early stages for rheumatism or sciatica, but, as 
a rule, is much more limited in extent and sharper in character than 
rheumatic pain, and is in the early stage of the disease usually difier- 
eut in its distribution from the pain of sciatica. It is not to be for- 
gotten, however, that sciatic pain may be the first sign of locomotor 
ataxia. The pain is different from that in multiple neuritis, inasmuch 
as it is not symmetrical on the two sides ; it rarely affects the distel 
parts of the extremities first, and is not utten<led by any tcnd(!rness 
along the nerves. Pains in the little fingers and inner side of the 
hand may be the first evidence that the disiiuse has extended from the 
dorsal to the cervical r^ion of the spinal cord. Pain in the back and 
loins of an aching character is occasionally felt, but sh|prp, shooting 
pains arc not common in this locality. 

Pain is commonly attended or followed by a very hypersensitive 
state of the region in which it appears. This hypersensitiveness may 
be so great as to prevent die patient enduring the contact of clothing, 
or it may be more intense for temperature changes, and has been called 
thermal hypersensitiveness or “ hypercryalgcsia.” It is commonly a 
symptom of the early stage of the disease ; hence these patients are 
unable to endure aiiplications of heat or cold, especially of cold, as the 
sensitiveness of the body to cold is markedly increased even when the 
sensation of heat is not affected. 

Patients with locomotor ataxia are very much influenced by atmos-. 
pheric conditions. This fact is to be thought of in recommending a 
climate in which these patients can dwell with most comfort. It is 
found that a low state of the barometer combined witli a high percentage 
of humidity, either in summer or winter, is frequently followed by aii 
attack of severe pain. It is true that the patients suffer more in cold 
weather than in warm, and in a cold climate more than in a warm 
climate ; but it is the high percentage of humidity in the atmosphere, 
together, possibly, witli certain electrical conditions not yet fully under- 
stood, which give rise to the greatest amount of pain. Thus when the 
humidity is over 70 per cent, and the barometer is between 29.65 and 
29.90 patients are almost sure to have an attack of pain. It is also 
found that many patients suffer more just before a thunderstorm, just 
as many neurotic patients are found to have great discomfort in the 
form of motor restlessness qpd headache or disagreeable viscieral and 
cardiac sensations prior to or during a thunderstorm. It is, therefore, 
to atmospheric conditions not fully understood that the sudden unex- 
plained attacks of pain, both in tabes and in neuralgia are to be 
ascribed. 

Pains of tabes differ from neuralgic pains rather in their distribution. 
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than in their character. The distribution of the pain in locomotor 
ataxia is in the region of the skin supjrlicd by a segment of the cord. 
Pain in neuralgia is in the distribution of the skin supplied by definite 
peripheral nerves. (Comjrare Plates IV. and VII.) 

In the stage of pain, even when panesthesise, and hypersensitiveness 
to cold and heat are present, it is not common to discover any objective 
disturbance of sensation. Sometimes, however, a slight difficulty in 


Fio. 152. 



Arcai of anaethesia on the body and Icga In caaca of locomotor ataxia. (liouar.) 


perception of sensations of cotton-wool is admitted when the legs are 
compared with the hands, but it is not to be forgotten that differences 
of slight scusatiou are perceived normally in the body when the in- 
sensitive legs are compared with the more delicate hands. Laehr 
and Patrick have called attention to the existence of small bands of 
anaesthesia ap|)eariug upon the trunk, even when the legs are not 
anaesthetic, and Kussell has demonstrated their existence on the inner 
surface of the arm from the axilla downward, even in the early stage 
of pain. Figs. 152 and 153 illustrate tlris condition in cases observed 
in my own clinic by Ponar and published by him.* His examination 
of the clinic cases demonstrated the presence of such bands of anaes- 
thesia in more than 90 per cent. 

Disturbance in the Action of the Bladder and Bectum is a very com- 
mon symptom in the early stage of the disease. In fact, it may be the 
first symptom to call attention to a spinal affection. It was present in 
80 per cent, of my patients. The mechanism controlling these organs 
lies in the sacral region of the spinal cord, but in order tlrat tlris 
mechanism should act perfectly sens^ impulses must reach the 
organs. Any disturbance, therefore^»|i^ the reception of sensations 
from the mucous membrane or muscle fibres of the bladder will pro- 

ISensory Disturbances in Locomotor Ataxia. New York Medical Becord, 1897, p. 
721. 
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duce defective action. This may be shown by an inscnsitivcncss, so 
that the patient is not aware when the oi^an is overdistemled, or it 
may be of the nature of abnormal sensiitions, causing an attempt at 
the emptying of tlie bladder when it is not at all full. A common 
complaint of the patients is that they cannot voluntarily empty the 
bladder and have to strain and press for some time befon; the effort is 
successful. lictention of urine is not uncommon 
in the disease, and not infrequently the bladder is Fia, 153. 

never fully emptied, and hence residual urine de- 
composing causes cystitis. It is rare, however, 
for a patient with locomotor ataxiii to require 
catheterization, and many patients find some arti- 
ficial method by which tliey can stort the act of 
urination. This may be by assuming an unusual 
position or by resorting to some unusual method. 

The action of the rectum is different from that of 
the bladder. There seems to lie a loss of muscular 
contractile power in the involuntary muscles of 
the intestine, and chronic constipation is the rule 
in locomotor ataxia. There is a loss of expulsive 
power in the rectum without any relaxation of the 
levator or sphincter ani, hence it is usually neces- 
sary to evacuate the rectum by means of cuemata. 

Impotence. — An undue degree of sexual desire Anicsthetic arcm id a caiie 
has lieen observed in the early stsige of loeomotor oftaiics. (Bouar.) 
ataxia in some cases. In the majority however, 
there is a gnwlual loss of sexual power, and in the sfoge of afoxia the 
patients are usually impotent. This symptom appears about the time 
disturbance in the control of the bladder develops, and rarely improves 
under treatment. Undue attempts at coitus are often followed by an 
increase of the symptoms of pain and ataxia. 

The Physical Signs of the disease in the early stage are the loss of 
patellar tendon reflex, the loss of the pupil reflex to light, and a con- 
traetion of the pupil. 

The Loss of Knee-jerk is the earliest symptom of locomotor ataxia, 
and may give rise to a fear of the onset of this di8ea.se, even when no 
symptoms are pra.sent. This is particularly true of physicians. It is 
to be remembered that in a few normal individuals the knee-jerk ean- 
not be elicited (2 per cent.?). It is to be remembered also that in cer- 
tain post-febrile conditions, noticeably after diphtheria, tlie knee-jerk 
disappears for several months. It is also to be rememl)ered that any 
act of the attention directed to a spinal reflex inhibits it; hence in many 
individuals it is only by a diversion of the attention, by testing th(! 
knee-jerk when unexpected, ^,.by deflection of the inhibitory impulses 
into other ciiannels by means eJf active voluntary effort, such as clasp- 
ing the hands tightly or pulling or lifting objects while the test is made, 
that the knee-jerk can be elicited. These methods of reinforcement of 
Jendrassik, as they are called, are not to be neglected in applying tests. 

23 
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The knee-jerk is elicited by tsippiug the patellar tendon either upon 
its front or uj)on one side, wlien u quick contmetion of the quadriceps 
fenioris occurs, causing a slight kick. Wc need not cuter into any dis- 
cussion of the exact nature of this reflex act, iis to whether it <lepends 
uiMin a transmission of im|)ulse8 from the point irritated through the 
cord and outward to tlie muscle, or whether it is dependent upon a cer- 
tain muscmlar tonus for whose existenc*e sensory impressions must be 
acting on the centres of the spinal cord.* Whatever theory may be 
accepted, it must be admitted that a loss of tendon niflex of the knee 
is one of the very earliest signs of locomotor ataxia. This sign is found 
in 98 per cent, of the cases. It is called Westphal’s sign or symptom, 
as it was first noticed by him. The location of the mechanism presid- 
ing over this reflex act is in the second and third lumbar segments of 
the cord, and these are the segments first afiected by the disease ; hence 
its value as an early sign of tabes. 

The Loss of the Beflex Action of the Pupil to Light, its contraction 
in the act of ac(!ommodation being preserved, was a symptom of tabes 
first pointed out by Argyll-Robertson, of Edinburgh. It is present in 
90 jier cent, of the cases. The mechanism of this reflex is still a matter 
of dispute, and it is not definitely jiscei-taimid whether the break in the 
reflex arc lies in the segment between the setiond and tliird nerves near 
the corpora quadrigemina or is through the sympathetic nerve, which 
has its origin at the first dorsal st’gment of the cord. It is a valuable 
and early sign of tabes. It may be easily elicited by covering the eyes 
of the patient and then suddenly exposing them to light, or by putting 
the i>atient in a dark room and with an ophthalmoscopic mirror throw- 
ing a ray of light into the eye. Not uncommonly it appears in one 
eye some time before it appears in the other. A continual contraction 
of the pupil (myosis spinalis) in which tlie pupil is reduced to a pin- 
point, does not react to light, but still reacts slightly in accommodation, 
is observed occasionally in the early stage of locomotor atoxia, but in 
the majority of cases does not develop until the later stage of the dis- 
ease. In the cases in which the pains begin in the arms it is an early 
symptom; hence it has been referred to the lesion in the first dorsal 
segment of the spinal cord. 

Irregular Modes of Onset. — The preceding symptoms are present in 
the first stage of locomotor ataxia in about 85 per cent, of the eases, 
but in the other 15 per cent, the first stage of the disease presents cer- 
tain anomalies. In fact, the disease may go on for many months with- 
out the proper diagnosis being reached, as the patient may be treated 
by his family physician for certain unusual symptoms or may be sent 
to any one of a number of specialists in eye, ear, throat, stomach, 
bladder, or mental disease, or even to a surgeon, for an aflection of the 
joints or bones. It is necessary, therefore, to consider the irregular 
modes of onset in locomotor ataxia in the first stage of the disease. In 
all of these irr^lar modes of onset, however, a careful examination 
of the patient will, as a rule, reveal, either at the beginning or in the 

* Sherrington, Intem^onal Medical G)ngree8, Paris, 1900. 
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course of the distressing symptoms, the loss of knee-jerk and the Argyll- 
Robertson pupil. These physical signs, therefore, are essential to the 
diagnosis of the disease. 

A very common early symptom in locomotor ataxia is the sudden 
development of alrahiumm. This was the first symptom in 4 per cent, 
of my civses. The patient notices quite unexpectedly a condition of 
double vision, and on looking in the glass is surprised to find that one 
eye is turne<l. The strabismus may assume any one of the various 
possible fi)rms, and is occasionally attended by ptosis. It is not com- 
mon for all the muscles supplied by the third nerve to be affected 
together, though this is possible, but the paralysis is usually limiteii to 
one or two of the muscles moving the eyeball. It is not usual for the 
ciliary muscle to be paralyzed. The abducens may be pandyzed, but 
the trochlearis always escapes. This condition of oculomotor jmlsy is, 
as a rule, very transient, lasting only a few days and passing away. 
In some cases it persists several weeks, but I have never known it to 
become permanent. Nystagmus does not occur, and I have not known 
oeulomotor palsy to be accompanied by optic neuritis or atrophy. 
While these ocular palsies are often the first symptom of locomotor 
ataxia, it must be remembered that they may develop at any time dur- 
ing the course of the disease. I have seen them both in tlie second 
and third stages of the affection. It bis been supposed in some cases 
that these palsies are of syphilitic origin and indicate exudations of 
gummy material upon the base or a syphilitic neuritis, such sis occurs 
with great frequency in the oculomotor nerve and occiiaionally in the 
abducens nerve, but the fact that the oculomotor palsies of syphilitic 
origin subside rapidly under specific treatment, while those occurring 
in the course of locomotor ataxia do not so subside, would indicate that 
they are not of this nature. 

Another symptom which may bring the locomotor ataxic patient to 
the oculist rather than to the neurologist is a beginning Mmlnms, This 
was the first symptom in 2 per cent, of my cases. It is due as a rule, 
to a primary optic-nerve atrophy, which condition may be the first sign 
of tabes, and may remain without further symptoms for nifiny years. 
Thus in a case under my observation, referred to me by Knapp, the 
patient suffered from a gradually progressive optic atrophy which at 
the end of three years had render^ her totally blind, but it was not 
until six years after the onset of the blindness that tingling in the ulnar 
distribution and a loss of knee-jerks developed. There is always, there- 
fore, in cases of primary optic atrophy a suspicion that this symptom 
may be the precursor of a locomotor ataxia. But in 9 per cent, of 
cases of locomotor ataxia of the ordinary type, with the ordinary onset, 
optic atrophy develops as a symptom. It may develop in the stage of 
ataxia or in the last stage of paralysis ; hence ophthalmoscopic exami- 
nations should be made in every case where any suspieion of tabes 
exists. Where it is the initial symptom the patient first notices a 
slight diminution of clear vision and an imperfect perception of colore, 
and careful perimetrical examination of the visual field will demonstrate 
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a (limiimtiou of’ the visual field for color and also a progressive dimi- 
nution of the visual field for light. At the same time aeeumey of cen- 
tral vision diminishes, a hazy appearauee is presented to all objects, and 
little by little sight is lost. The ophthalmoscopic apjKjaranees are those 
of primary optic atrophy. (Chapter XXXV.) Usually such an optic 
atrophy is bilateral. According to Krb’s statistics, optic atrophy is the 
early symptom in 1 ^ cent, of the cases and develops in 1 8 per (sent, 
of all cases before the end. Of 450 cases observed by me, 41 cases 
showed optic atrophy, and in 11 of these it was the first symptom. In 
cases in which it is not the first symptom of the disease, but develops 
subse«iuently, changes in the ophthalmoscopic apjxanincc of the disk 
may be presented and be visible to the examiner for some time before 
the patient notices any diminution of sight ; hence from the very out- 
set in any case of locomotor atoxia careful examination of the visual 
fields as well as of the optic disks should be made. While concentric 
diminution of the visual field is the rule, sometimes the temporal half 
of the field is more diminished than the nasal half, and occasionally 
hemianopsia has been observed. Central scotoma is very rare. 

Deafness and symptoms referable to the auditory nerve may be 
among the unex|)ect^ and early signs of locomotor ataxia. It is 
usually preceded by ringing in the ears and sometimes by attacks of 
vertigo, or by a constant sensation of swimming, or by difficulty 
in turning the head and eyes, without the development of vertigo. 
Examination in such cases will usually show a desifness to high notes, 
and a progressive diminution in the tone field will ensue, which finally 
results in almost total deafness. This develops usually first in one 
car, but soon follows in the other. Where there is no history of 
hereditary deafness due to auditory atrophy, tlic development of such 
a condition should suggest the possibility of tabes. It docs not de- 
velop, however, with by any means the frequency of optic atrophy. 
In fact, statistics show that deafness is present in but 1 per cent, of 
the cases. 

Crises. — Another mode of onset of locomotor ataxia is by the de- 
velopment of what are known as “crises.” These were the first 
symptoms in eighteen of my cases and were present at some time in 
the course of the disease in fifty-eight cfises. There are sudden 
attacks of imperfect function in some one of the or^ns of the body 
supplied chiefly by the pncumogastric or by the sympathetic nervous 
system. 

The most common crisis is the gastric crisis,, the patients are often 
treated for several years for supposed disease of the stomach and for 
chronic gastritis, when an examination of the eyes or of the patellar 
reflexes would have esisily demonstrated that the cause of the symp- 
toms was locomotor ataxia. The gastric crisis begins suddenly with 
severe pain in the stomach, with retching and vomiting, and this 
vomitii^ will often continue for several hours or days, all material put 
intojthe sjomach being immediately rejected. Great prostration, as a 
rule, '.follows, and intense anxiety and distress. Careful examination 



syjiproMS. 


357 


of the gastric contents and of the gastric juice fails to reveal any con- 
stant changes. In some cases tlie mucous vomiting is extremely acid, 
in other cases there seems to be a lack of acidity. The (ionditiou, 
therefore, is evidently not duo to any primary gastritis or disturbance 
of function of the glands of the stomach, but is a true teuesmus of 
the stomach of nervous origin. I have known it to continue for ten 
days, reducing the patient rapidly in weight aud making it necessary 
to sustain life by nutritive enemafci. Pain is felt constantly in the 
epigastrium, occ-asionally also between the shoulder-blades, and may 
encircle the body like a band. There is usually considcmblc tender- 
ness iu the epigastrium, tlie stomach rejects all foo<l ; then the act of 
vomiting is either futile or mucus aud bile are rejected ; occasionally 
hemorrhages <M!cur in the stomach, and the vomittxl material contains 
so-called coffee-grounds. The vomiting is always accom()anieil by 
intense nausea, by great weakness, frequently by pains running down 
tlie arms, and oppression across tlie chest, by palpitation of the heart, 
and by vertigo. It is not uncommon for the pains of locomotor ataxia 
to develop in the legs during the gastric crisis, and if the crisis occurs 
in the course of an ordinary case these pains arc usually intensified 
during the crisis. The agony attendant upon such a crisis is so great 
as to throw tlie patient into a state almost of delirium, in which he 
cries, contorts the body, and suffers all the agonies of dissolution. 
Hiccoughs and intestinal or rectal crises may accompany the gastric 
crisis. 

Gastric crisis terminates suddenly, either under the influence of 
treatment or spontaneously, Uiaving the patients in a state of great 
prostration, but usually with increased appetite. Care has to be taken, 
however, in feeding them to use simple and easily digested fisKl, in 
order to avoid a niturn of the crisis ; but when all pain has ceased for 
twenty-four hours it is safe to liegin a rapidly in<;reasing systematic 
course of nourishment, as the patient needs as much fcKid as the stomach 
can absorb. Forty-nine out of four hundred and fifty-six cases had 
gastric crises at siime time during the disease. In one patient under 
my observation such a gistric crisis oocmrred at intervals, first of six 
months, then of tliree or four months, for a period of four years 
liefore a loss of knee-jerk and the development of the Argyll-Koliert- 
son pupil 'made it positive that the condition present was one of tabes. 
In the meantime he had been treated by all forms of diet, by lavage, 
etc., in vain. The immediate use of hypwlermics of morphine in 
large amount on the onset of the crisis seems to cut short eacli attsick, 
though they have continued to the present time at intervals, even now 
when the general symptoms of the disease are quite evident. 

Intestinal and rectal crises are less common than gastric crises, but 
may also be the first signs of a locomotor ataxia. They, however, 
usually occur in the second stage. They begin with severe pains in the 
bowels or in the rectum, are attended by a watery diarrhoea with great 
tenesmus and rapid exhaustion, and usually by great thirst. These 
attacks may continue for two or three days, every attempt at taking 



358 


LOCOMOTOR ATAXIA. 


fluid or food being followed immediately by an evacuation of the 
bowels. After the ordinary contents are discharged, mucus or scrum 
is found in the discdiarges. Tliese attacks cease suddenly, but leave 
the patient in a state of great prostration. 

Laryngejil crises are next in frequency to gastric crises. The patient 
is usually seized by a sudden ami severe cough, becomes hoarse, and 
has great difficulty in breathing, on account of an adductor spasm of 
the larynx. The cough is a typical nervous cough, very loud and 
harsh, is aecomjmnicMl by dyspnoea, and the attacks are very severe and 
occur every hour or two for stivenil minutes at a time and after a short 
duration are usually attended by great frequency of respiration. They 
may be attended by attacks of gaping. Physical examination of the 
lungs fails to ixiveal any evidence of bronchitis, but afitcr the attacik 
hiis lasted for some time insjMictiou of the larynx usually reveals a con- 
gestion of the vocal conls, and not infrequently the intensity of the 
cough gives rise to a setiretion of mucus. The attiicks cease as sud- 
denly us tliey appear, and are thus manifestly of nervous origin. But 
eight of my four hundred and fifty patients had laryngeal crist®. 

Charcot describe*! a form of laryngeal crisis which he termed laryn- 
geal vertigo, in which the patient feels a tickling or feeling of heat in 
the throat, followed by a sense of suffocation and noisy wheezing breath- 
ing. This is immediately followed by a sense of vertigo, and the patient 
often falls fainting and unconscious to the ground. In some persons, 
esj>ecially those of a very nervous constitution, Op|)enheim has dis- 
covere<l that pressure upon the hyoid bone mar to the larynx may 
produce reflex attacks not unlike those occurring in laryngeal vertigo 
and in laryngeal crisis. This feet should be remembered if patients 
show these symptoms, in order that they may avoid wearing a tight 
collar or compressing the neck. 

Pharyngeal crises have been observed by Oppenheim. They con- 
sist of painful, rapidly occurring acts of swallowing, and as each act 
of swallowing is accompanied by the passage of a certain amount of 
gas into the stomach, they are followe<l by attacks of belching. The 
jmtient may swallow as many as twenty-four times a minute and the 
attack many last for ten minutes, giving rise to great distress and a 
sense of nausea. Attacks of hepatic colic with pain similar to that of 
the passage of a gallstone, and attacks of renal colic Avith pain similar 
to that of the passage of a renal calculus, occurring in the course of 
tabes have been described as hepatic and nephritic crises. But these 
are extremely rare, and their nervous origin is questionable. 

Vesical and urethral crises are less common. They are attended by 
severe jmin in the region of the bladder and in the urethra, occurring 
like colic in a sttrics of sudden attacks with an intense desire to empty 
the bladder which may, however, not be successful. But one of my 
patients hod this symptom. 

The French authors de8cril)e genital crises in both males and females, 
consisting of great sexual excitement attended by sharp pains in the 
organs. I have never seen such cases. 
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Attacks of angina pectoris or pseudo-angina have given rise to the 
supposition that cardiac crises may occur in the course of locomotor 
ataxia. Patients arc seized suddenly by pain in the h<iart and by pain 
running down the left arm ; they turn |)ale, suffer much from dyspnoea 
and distress, with great mental anxiety, occasionally faint away, but 
gradujilly recover, though the attack may bo rejaaiteol sevenil times in 
twenty-hours before it ptisses away completely. Such attacks are 
always attended by a very rajnd pulse, which is not infrequently 
irregular and, in fact, may be preoictled for several days by an unduly 
rapid heart action. These csmliac crises are extremely rare. I have 
never seen such a case. 

The (levelopmeiit of trophic disturbances in the joints and perforating 
ulcer of the foot rarely occurs as an esirly symptom of locomotor 
ataxia; they are much more common as complications of the later 
stage of the «lis(‘as(‘, and, therefore, will be (ionsidered after the symp- 
toms of the 8i!Cond stage have been studied. 

The Second or Ataxic Stage. — The s(!cond stage of tabes has been 
termed the stage of ataxia and, as a rule, ataxia only develops after a 
preceding stsige of pain or after the onset of some of the more unusual 
early symptoms of the disc.ase. In a few cases (3 per cent.), however, 
I have seen ataxia appesir as the very first symptom of lo(romotor 
afitxia. Ill all cases of the disease, however, it develops finally, and is 
one of the most important and characteristic of tlie symptoms of the 
affection, having giviai its name to the disease. 

Ataxia. — Ataxia many be defined as imperfect coordination of mus- 
cular action. For eveiy act of the boily a regular succession of move- 
ments in the muscles of proper degree and intensity and of wide dis- 
tribution is necessary. The simplest act, such as closing the fist, 
crossing the knees, or the more complex acts of rising from a chair, 
standing still, taking a step, or the finer acts of writing, or buttoning 
the clothing, or playing a musical instrument, really involve an action 
in almost all the muscles of the body, for there must be a proper 
fixation of the joints in order that other joints may act. There must 
be a projier fixation of the spine in order that the balance may be pre- 
served. There must be a proper adjustment of one side of the body 
in order that the other may perform its movements. Any careful study 
of normal action will reveal at omse the highly complex process whiesh 
is involved in every movement, and the length of time that is required 
to acquire these various adjusted movements demonstrates that many 
different mechanisms and combinations are re<iuired in order to produce 
motor effects of an adjusted cliaracter. All such movements in adult 
life are purely reflex and automatic, and we never think of the metho<l 
pursued in the performance of a certsiin act unless our attention is 
directed to it. Even such acts as are manifestly acquired by voluntary 
effort, such as the learning of a new dance or the playing of a new 
musical instrument, soon become automatic, and while volition may set 
the mechanism in operation, it is the higher reflex centres that control 
the exact degree of muscular activity. The control of all coordinated 



3G0 


LOCOMOTOR ATAXIA. 


movements involved in standing and walking is the function of the 
cerebellum. The control of all the finer movements of the hands is 
the function of the cerebrum ; but in either case the essential condition 
of a projKjr eoonlinated at!t is the reception in the automatic (seutres, 
whether these lie in the spinal cord, the medulla, the cerebellum, or 
the cerebrum, of sensory impulst^s coming from the muscles, skin, and 
joints. In locomotor ataxia we have seen that the lesion cuts off* such 
impulses just at their entrance into the spinal cord — the sensory tracts 
to the spinal coni being affected at this point — and hence impulses 
destined for the gray matter of the cord, for the me<lulla by way of the 
columns of Goll, for the cerebellum by way of the columns of Clarke 
and direct cerebellar tract, and for the cerebrum by way of the columns 
of Goll and Burdach, the IcmuLscus, and the internal capsule are all 
interrupted. Reference to the diagram (Plate I.) will show that a 
lesion of the posterior nerve roots deprives the nerve centres of all 
information with regartl to the position of the limbs, the degree of 
tension of the muscles, and of all those facts which go to condition 
codrdinated action and equilibrium. Hence it is to be expected that 
in posterior sclerosis ataxia will develop and will be exactly propor- 
tionate in degree to the degree of the sclerosis. 

Ataxia is doe to a loss of a large number of different sensations. It 
is partly due to anaesthesia of the skin, for in an ataxic patient anything 
which increases the anaesthesia of the soles of the feet or of the hands 
will intensify the ataxia. It is not wholly due to this, because ataxia 
does not attend anaesthesia from other causes when that is the only 
symptom present. Ataxia is partly due to a loss of muscular sense, 
the sense which probably is derived from the muscle spindles recently 
discovered in the muscles and tendons. This is proven by the fact 
that in almost all cases of ataxia a diminution, or even loss of muscular 
sense, can be demoustmted. This is the sense by which the situation 
and movements of the limbs are appreciated and by which differences 
of pressure and of weight are perceived. It must be clearly distin- 
guished from the sense of effort which is a function of the cortex and 
is a centrifugal rather than a centripetid function. In almost all cases 
of ataxia careful examination will demonstrate that the patient is not 
sure of the exact position of his extremities or of their distal parts ; 
cannot with his eyes closed reproduce in one hand or one foot artificial 
positions given to the other ; (tannot distinguish small differences in 
woiglite, as he should in health, and instinctively guides his movements 
by the sense of sight rather than by the sense of muscular feeling. But 
ahixia is not wholly due to the loss of this sense, for occiisionally 
muscular sense has been obliterated, as in syringomyelia without the 
development of .ataxia. Another important element entering into the 
ataxia is the sensation derived from the joints and ligaments of the 
joints. These sensations undoubtedly enter into the adjustment of 
motions, especially the sensations derived from the vertebrse, and all 
these sensations are undoubtedly involved in the production of true 
ataxia. It is therefore evident that the symptom of ataxia is due to 
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tlie cutting off of numerous dififertmt forms of s(;nsation reaching the 
spinal cord, but transmitted throtigh it to the various automatic centres 
which control adjusted movements. 

The symptom of ataxia is shown by awkwardness of motion, de- 
veloping gradually and usually beginning in the legs, A patient first 
notices that, on closing the eyes in tlie act of washing, or in rising in 
the night and attempting to move about in the dark, he is uustttiuly 
on his feet, sways unduly, and even loses his balance. He then 
notic&s that in attempting to dance or in attempting to walk a stniight 
line he sways unduly. Then he finds that in going up stiiirs, in rising 
from a chair, in starting off to walk, in turning suddenly while walk- 
ing, or in attempting to step with precision upon a car or into a 
cab his feet are clumsy and he stumbles. If at this stage or in the 
stage of pain, even before the patient has noticed any difficulty in 
walking, he is asked to stand with his feet tight together and his eyes 
closed, he will be found to sway unduly. This is die so-called Rom- 
berg sign, having first been described by Romberg in 1852. If this 
act of standing with eyes closed be carefully observ^ it will be noticed 
that irregular contractions are constantly occurring in the anterior and 
posterior tibial muscles and in the muscles of the feet, unusual muscu- 
lar effort of a wholly automatic character apparently being called into 
play to aid in this involuntary act. 

The Qait in Locomotor Ataxia. — As the disease advances the gait 
becomes much disturbed and a typical gait develops. The steps are 
irregular in their length, the feet often being placed too far apart j 
the legs are thrown about, their muscular act being done to excess and 
without proper degree. The feet are thrown forward and lifted high ; 
they come down with a slap upon the floor, and it often seems as if the 
joints were too loo8(!, the legs being thrown about with a flail-like 
action. In the later stages of the disease the knees are frequently 
bent backward in the acts both of standing and walking, and the 
ankles may turn. In rising from a chair such a patient is apt to lean 
forward unduly and sway backward and forward for a moment before 
gaining his propter balance. He has difficulty in shirting off, usually 
taking hold of some adjacent object or steadying himself by a ctuie. 
These patients uniformly watch the action of their feet carefully, and 
many who can balance themselves fairly by the aid of eyesight are 
wholly unable to walk in the dark or when blindfolded. This con- 
dition is termed static ataxia in distinction from motor ataxia, which is 
a state of inco5rdination developing in movements not couneisted 
with standing. Any test which will involve the performance of a 
carefully adjusted movement will reveal the unccrfaiinty of motion in 
these patients. The common test for motor ataxia is requesting the 
patient to follow a line on the carpet with his toe, to touch the toe to 
the finger of the examiner held in different positions, to touch one 
heel to the opposite knee, to cross the legs slowly, making the toe de- 
scribe a complete circle in the air. 

The hands may also become ataxic. Tests applied to the hands may 
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be made by asking tlie patient to touch some object — his nose or the 
opposite csir — with the tip of the finger, with his eyes closed, or to 
perform some simple act, such as buttoning his clothing or writing. 
These tests will reveal the beginning ataxia in the hands when the 
paticut perhaps is not aware of any disturbance in them. Later on, 

wlien the motor ataxia is well devel- 
Fio. 154. 0 ])ed, the action of the liauds is quite 

charactcsristic. The jxitient extends 
the fingers widely in making any 
attempt at grasping, takes hold of 
objeets too tightly, thereby crushing 
delicate objects unintentionally ; has 
gnsit difficulty in buttoning his 
clothing, and the awkwardness of 
movement is apiKinuit in every act 
of the hands. In the later stages he 
may be reduced to such a condition 
of ataxia as to be unable to write, or 
to feed himself, or to dress himself. 
If he is told to pick up a small object 
there may be not only an undue open- 
ing of the fingers, but irregular and 
unexpected jerks of the elbow and 
shoulder. 

When the ataxia is well developed 
tests demonstrate an actual loss of 
the power of perceiving differences of 
weight. Thus the patient may bo 
unable to distinguish between a penny 
and a half-<lollar in the two hands, 
and when tested more accurately by 

''“.isr.u.'S “SST""* .»<■ ''“r” *"! 

show a variation from the normal 
equations. The sense of pressure may also be diminished, so that when 
objects are piled upon the supjiorted hand, such as two or three books, 
the patient will be unable to distinguish between differences that should 
be apparent. 

Tests also will reveal a lack of knowledge of the jwsition of the 
limbs in space when the eyes are closed. If a finger or toe be grasped 
by the examiner on two sides and movements conveyed to tlie joints, 
the patient may be unable to tell whether the finger or toe is extended 
or flexed. If the grasp is made oii front and back of toe or finger and 
the pressure sense is preserved, this may convey the desired informa- 
tion, and the test be imperfect. This loss of the sense of position may 
be so extreme that the patient is unable to say which leg is placed over 
the other. He may lose his legs in bed and be unaware that one is 
hanging out and is ex|)osed to the cold. One patient of mine always 
had to bo carefully helped into, the carriage, as he was liable to leave 
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one leg hanging out of the door. In tlie most extreme form of ataxia 
the patient is wholly unable to stand or to walk or to use his hands, 
being thus apparently incapacitated for all movement ; aud he is tlicn 
said to be in the stage of paralysis. Thus the stage of ataxia may go 
on slowly and merge into tliat of paralysis without there being any sud- 
den transition between the two stages. 

Hypotonia. — A condition of the muscles characterised by a loss of 
the nornud tone and a tendency to over-stretching when pulled liiis 
l)ccn observed in many cases of hxjomotor ataxia, and has been named 
hyjK)touia. It often incrciises the ataxia of movement. It leads to an 
undue mobility of the joints, the muscles no longer holding the articular 
surfaces together and it is tlie cause of such deformity as is shown in 
Fig. 154. 

Ansesthesia. — When the stage of ataxia is fully develojMHl denuded 
loss of sensation is usually present. Tlie first sense to be lost is usiaxlly 
the sxnisc of pain. Irritotion of the skin by a pin or by a needle will 
develop an inability to perceive painful sensations or a very marked 
delay in their perception. Thus several seconds may (dapsc; from tlie 
impact of the needle to the perception of pain, and the location of the 
pain may be erroneous. Usually the painful sensation is erroneously 
located at a level somewhat higher than that at which it really occurs. 
The impairimiut of the sense of pain leads very often to the neglect of 
slight injuries, especially injuries about the joints, and it is undoubtwlly 
the cause of the devislopment of many trophic disturbances. This lack 
of sense of pain may also prevent the patient from noticing tlic painful 
efiects of heat or cold, even when these produce injuries to the skin. 
The analgesia is usually attended by thermo-ansesthesia, in which the 
patient loses the sensation of temperature both to heat and to cold. It 
is my experience that cold senssitions are usually well perccivetl aud 
that the patients are intensely sensitive to all cold applicsitions, even 
during the well-marked stage of ataxia. But heat is very often not 
duly perceived, and very hot objects may seem only slightly warm ; 
hence the patients are in danger of being burned if they are alhtwed to 
take hot baths or if any hot objects, 8U()h as bags, are laid upon the 
body. The sensation of temperature may also be delayed in the early 
stage, even when felt. 

^nsations of tickling arc commonly impaired in the stage of atiixia. 

While aniesthcsia is a ratlier rare symptom in the stage of pain, it is 
always present in some degree in the stage of atiixia. The <listribution 
of this anffisthesia has been carefully studied of late by Laehr,' who 
has demonstrated that the anaesthetic aresis corre.spond to the distribu- 
tion of the sensriry nerve roots and do not corresjiond to the distribu- 
tion of the peripheral nerves. Thus ansesthesia is very commonly 
delayed on the outer surface of the legs, in the third lumbar area (Plate 
VII.), in the outer half of the feet, or only on the inner half of the 
foot in the first sacral area. Or it may develop on the anterior sur- 
face of the thighs in the second lumbar area. It has a te’jdency to 
'Arch. f. Psych., Bd. xxrii., 688, and Bd. xxix.. 648. 
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extend from one segmental area of the legs to another until the entire 
lower extremities are partially auifesthetie. The amestliesm sometimes 
may appesir high up on the trunk and on the inner surface of tlie arm 
from the axilla downward, even when the trunk shows no sign of anass- 
tiicsia. An inseusitiveness to pressure upon the nerve trunk attends 
the amesthcsia, so tliat pressure over the peripheral nerve as it curves 
around the fibula, while productive of tingling in the foot, is not 
attended by psnn; and pressure upon the ulnar nerve at the elbow, 
while productive of tingling in the fingers, is not attended by pain. 
This latter symptom was first pointed out by Bicrnacki. 

Joint Diseases. — An unusual laxity of the joints is not uncommon 
in the stage of ataxia. The ankles are turne<l unduly in walking, 
either in or out, tlie patient frequently stepping upon the side of the 
foot without being aware of it. The knees appear to be relaxed so far 
as all muscular tension about them is concern^ and turned backward 


Ro. 155. 



Digeiue of both knee-joints and both ankles in looomotoT ataxia. 


in the act of standing or in the act of walking. (Fig. 155.) The 
thighs appears to be loose, so that subluxation often appears to be 
imminent. The same is true of the joints of the fingers, of the wrists, 
and of tlie elbows, and I have never seen a case of well-marked ataxia 
in which undue extension of the joints was not easily possible. 

It is this relaxation of the ligaments, together with the absence of 
the signs of pain on the production of such unusual positions, which 
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are. probably the active causes of the development of the joint discuses 
of locomotor ataxiti, although these joint affections are commonly teriiUKl 
trophic complications. They have been named Charcot joints, as he 
was the first to describe them. Patients very commonly do not per- 
ceive the beginning of these joint affections, and only apply to a phy- 
sician wlien the joint is enormously 
Fig. 156. swollen and full of fluid. Some trau- 

matism is undoubte<lly the otttive (MUse 
of the development of Charcot joints. 
I have seen them very commonly in 
clinic cases but very rarely among the 
higher classes, who are not, as a rule, 
exposed to injuries. Among one hun- 
dred and twenty-six private patients 


DIbobm) of both bip-JoinU, with dlaloca- 
tion, In locumotor aUxia. (Icon, de la Sal* Artbropathlca in shoulder and elbow in locomotor 

pdtribre.) ataxia. (Dcjerlne.) 

four had an affection of the knee, two of the ankle, two of the wrist, and 
one of the toe. The joints affected are most frequently the knee-joints 
or the ankle, though the elbow and the wrist may lie involved. The 
small joints of toes and fingers are rarely affected. Several forms of 
joint disease may develop, but it is to be remarked that these diseases 
do not follow the typical forms of arthritis and that they are not 
attended by pain. The first symptom is usually an effusion within 
the joint, which goes on rapidly until the cavity of the joint is enor- 
mously distended by fluid. Thus the knee may be twice the size of 
the unaffected knee, or tlie ankle may be twice the size of the unaffected 
ankle. This distention of the joint with fluid .separates the articluar 
surfaces of tlie bones, which thus play irregularly upon one another. 


Fig. 167. 






366 


LOCOMOTOR ATAXIA. 


and then pathological changea develop in the articular aurfatje and in 
the bones themselves. The tissue all about the joint may also become 
infiltrated with fluid and cedematous and pit upon pressure. There is, 
however, no heat, no redness, no tenderness of the parts, and no pain. 
In mild eases effusion gradually subsides under rest and the joint 
returns to its normal form, cartilage and bones not having been j)cr- 
manently affected. In other cases an enormous thickening develops in 
the ends of the Imnes and in the cartilages, and a permanently enlarged 
joint that is only partly useful remains. If tlie pnxsess goes furffier 
this enlaigement is followed hy a progresssive atrophy, by disintegration 
and disappearance of tlie cartils^^, by erosion of the end of the bone, 
no trace of the articular surface finally remaining. In this last stage 
unusual mobility of the joints follows, and the anterior surface of the 
leg may be laid upon the anterior surface of the thigh without pain, or 
the hips may be placed in all sorts of positions without resistance. In 
cases where trophic disturbances of the joints occur it is not uncommon 
to find an undue friability of the liones, so tliat spontaneous fractures 

on very slight injury or muscular strain are 
produced in tlie long bones, esjiecially of the 
lower limbs. Pathological examination ha.s 
nsually shown a dilatation of the Haversian 
canals in the long bones in these states, with 
a thinning and fragility of the compact sub- 
stance. This has led to tlie general accept- 
ance of the theory of a primary trophic 
disturbance. Charcot’s statement tliat the 
affection of the joints cannot be entirely ex- 
plained in every case by traumatism or by 
neglect of painful affections must therefore 
be admitted. 

Another trophic disturbance closely allied 
to joint affection is a permanent distortion of 
the foot which develops gradually and resem- 
bles club-foot. A hard swelling usually 
appears upon the back of the foot, and the 
inner surface of the foot becomes more promi- 
nent on account of an adducted and inverted 
position, and arch of the foot becomes flat, 
the toes are extremely flexed, the whole foot is shortened, and in at- 
tempts to walk the weight rests upon the outer surface of the foot. 
It is probable that this is due' to a combination of factors, the lack of 
mus(!ular adjustment, the relaxation of the ligaments, and a trophic 
disturbance of the bones of the foot coinciding to produce it. 

Another trophic affection which is present in a few cases in the 
ataxic stage of the disease is the so-call^ perforating ulcer of the foot 
It may originate in a neglected com or bunion, it may be due to an 
injury of one of tlie smalbbOnes of the foot, with consequent caries 
aira, iapponition, or it may be due to a neglected hemorrha^ (so-called 


Fio. 168. 



Perforating ulcer of the foot in loco- 
motor ataxia. (Olicratciner. ) 
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“ stone boil ”). Whatever the origin, the lesion is a small sinus usually 
situated on the ball of the great toe, or between the great and next 
toe, or under tlie little toe, which sinus secretes a thin ichorous fluid 
and refuses to heal under surgical treatment. (Fig. 158.) In the vast 
majority of cases the absence of pain leads the patient to take no 
notice of the foot until the ulcer is fully formed, and then examination 
shows a sinus leading down to a bit of carious bone wholly itusensitive 
and surrounded on the surfiice by an ulcerated dermal tissue and 
deeper by granulating tissue. Occasionally a gangrenous spot may 
form. Scraping this ulcer or its sinus, injecting it with antiseptic 
solutions or with iodine usually fails to be followed by hciiling, and 
occasionally, if the disease gives rise to great discomfort, which is 
rare, amputation of the toe or exscction of the joint may Imj necessary. 
I have known such an ulcer to be neglected by the p-atient, us it caused 
no pain for several years and produced no deleterious effects. 

Peculiar Skin Affections are occasionally mentioned as complicating 
trophic disorders in tlie second stage of ataxia. These are usually of 
the form of herpetic eruptions which may be quite extensive in the 
legs or about the body, or of the form of sulsmtaneous ecchymoses, or 
quite widespread effusions under the skin. Pemphigus has also l)ecn 
observed. Lelow has described a condition of thickening of the skin 
with loss of color and desquamation not unlike ichtliyosis. An im- 
perfect growth of the nails with unusual ridging, peculiar curvature, or 
falling out of the nails is not a very uncommon complicating trophic 
disturbance. Here again, however, traumiitism is the usual cause. 

Among trophic disturbances described loosening and falling of the 
teetli have been mentioned with or without severe toothache. In a few 
cases this condition has gone on to a necrosis of the bone of the jaw 
with atrophy of the alveolar process. 

Irregular atrophy in the various muscles of the body, especially in 
the muscles supplied by the external popliteal nerve in the legs and 
the ulnar nerve in the hands, has been observed in a number of oases. 
These localized atrophies arc undoubtedly doe to a complicating neu- 
ritis. In tlie. last stage of the disease, however, when the patient is 
confined to the bed, the entire muscular system may become atrophied. 
And in some of these cases a complicating amyotrophic lateral sclerosis 
has been found on examination of the spinal cord. The atrophy is a 
slowly advancing one, and is attended by paralysis and by reaction of 
degeneration. Sudden transient palsies have been described as occur- 
ring in tabes at any of the stages of the disease as similar to the 
muscular palsies in the eyes. These may be due to a complicating 
neuritis which subsequently recovers. 

Even in the stage of ataxia the muscular strength of the patient 
may be good, though the lack of co5rdination may make it apparent 
that he has a true paralysis. It is only in the last stage or stage of 
paralysis that any real weakness of the muscles develops. Erb affirms 
that in the early stage the electrical contractility of the muscles is 
slightly increased both to faradism and galvanism, especially in the 
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region of the peronci, and that in the later sbiges there is a diminution 
of electriad contractility in these muscles, but never a reaction or de- 
generation. 

It is not so easy to explain the sudden occurrence of hemiplegia in 
tabes, although (iases have been recsorded in which this has appeared 
both in the eiirly and in the later stages of the discast*, being tempo- 
rary in character and occasionally accompanied by epileptiform con- 
vulsions. It seems likely, however, that such attacks of hemiplegia, 
unless <leveloping as a symptom of general paresis, are wholly inde- 
pendent of the disease. 

The general nutrition of the patient with tabes usually suffers in the 
course of the case from time to time. In tlie early stage a rapid loss 
of weight with amemia is not at all uncommon, an<l, as a rule, all the 
symptoms of the disease are exaggerated during tliis period of tem- 
porary malnutrition. If, by artihcial means — good food, assistants to 
digestion, tonics, change of climate, baths — this failing nutrition be 
arrested and the patient begin to gain in weight ancl strength, the 
symptoms of the disejisc will gradually subside, and thus it is evident 
tliat the general condition of tlie patient has a great deal to do with 
the degree of suffering that he undergoes during the course of locomotor 
ataxia. Hence the very great importance of sujrcrvising the care of 
the general health in tabetic patients, and whenever a severe onset of 
symptoms, cither an exaggeration of pain or rapid development of 
ataxia, ensues, every means should be used to increase tire general 
nutrition. 

Mental Symptoms. — In a certain number of cases of locomotor 
ataxia sudden attacks of insanity have been recorded. These usually 
take the form of acute maniacal excitement or of the less alarming con- 
dition of delusions of grandeur in the form of delusions of recovery from 
the disease, of unusual conditions of health, of unusual mental (sipacity, 
or of unusual wealth. Such insane states may last for several weeks 
and then gradually subside, leaving the patient in a perfectly normal 
state of mind with a fair recollection of what has occurred. I have 
watched one such case in which all the symptoms suggested [mresis, 
but in which their disappearance in the course of tlirec mon^s and 
their failure to return during the subsequent six years convinced me 
tliat the condition was not paresis. This is a very rare complication, 
and must undoubtedly be ascribed to some intercurrent affection, cither 
of a toxic character or a psychosis developing in the course of tabes. 
In a second group of cases it is the first sign of a beginning general 
paresis, which may ffy on through its typical stagtis and lead to dementia 
and paralysis. I liave seen this many times. There is undoubtedly a 
close connection between tabes and general paresis, for not only may 
tabetics develop general paresis, but many paretics develop symptoms 
of tabes. Hence the development of mental complications should give 
rise to the suspicion that the tabetic patient is about to develop general 
paresis. * 

The third condition under which mental complications may arise is 
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a condition of widespread syphilitic endarteritis of the cortex, and, 
inasmuch as syphilis is such a common cause of tabes, this pathological 
condition is to be expected. Such a syphilis of the brain may produce 
all the symptoms of paresis, but may yield to antisyphilitic treatment, 
with the result that die symptoms will gradually disappear, leading 
possibly to some disturbances of memory or some lack of power of self- 
control. It is evident, therefore, that the occurrence of mental symii- 
toms in the course of tabes may be due to several different causes. 

Bare Symptoms. — A few symptoms remain to be noticed which 
have been recorded as developing occasionally in the course of tabes. 
They are certainly extremely rare. 

Tlie oculomotor palsies occasionally recur or bticome permanent fi’om 
the outset and go on to develop all the symptoms of ophdialmoplegia 
externa and interna. Under these circumstances the strabismus and 
double vision become permanent, and ptosis is added. Very often an 
increase of the difficulty of walking is a result of the double vision. 
Some form of ocular palsy was present at some period in one quarter 
of my csises. It was permanent iu but 5 jnsr cent. 

Hemiatrophy of the tongue has been recorded as occasionally de- 
veloping in the course of tabes. 

Bulbar palsy with all its distressing symptoms has been recorded as 
developing occasionally in tabetic patients and being the active cause 
of death. 

Symptoms of exophthalmic goitre have been known to develop in 
tal)ctic patients, and usually have a worse prognosis than in the ordi- 
nary types of the disease, the exophthalmos being extreme, the goitre 
large, the tachycardia constant, and the nervous tremor of tlie head 
and body and increased sweating being very distressing to the patient. 

The laryngeal crises occtisionally leave a (soudition of permanent 
adductor palsy of the larynx which results in difficulty of respiration 
that may make tracheotomy neccasary. 

Muscular atrophies with panilysis may develop in almost any muscle 
of the body. 

Involuntary movements either athetoid or of the nature of spasmodic 
twitehings of the muscles have Ixhju described by various observers as 
an occasional symptom in tabcs.‘ 

In a few casts a sudden rupture of the tendon Achilles hsis Ixjen 
observed, usually oticurring after extraordinary efforts of the ataxic 
patient to preserve the balance. 

Paralysis agitans has been known to develop in the course of tabes. 

Many authors have pointed out the frequency of aortic insufficiency 
with stenosis and general arterial disease in tabetits. In oiui hundr^ 
and twenty-six cjises I found an aortic murmur in nine. This is prob- 
ably owing to the fact that syphilis is the (jommon taiuse in both affec- 
tions. It is hardly to be thought that then) is any necessary connec- 
tion between the diseases of the bloodvessels and locomotor ataxia. 

Many symptoms of neurasthenia and of hysteria may develop in 

24 * Rhein, Journal of Nervous and Mental Diseases, July, 1902. 
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tabetic patients, but these are to be ascribed rather to the mental dis- 
tress of long suffering than to any direct effect of the lesion in the 
spiual cord. Occsisionally diabetes develops in the course of tabes. 
This agiiiu must be cionsidcred an accidental occurrence. 

Stage of Paralysis. — The stage of paralysis is spoken of as the third 
stage of tabes, but there is no hard-aud-fast liue between the second 
and third sbiges. When ataxia becomes so extreme as to confine the 
patient to his chair or couch lie nuiy be said to have entered ujion the 
stage of paralysis. In this stage the symptoms hitherto described are 
exaggerated in intensity, and the danger of a fatal termination from 
complications becomes greater than in the second stage. As time goes 
on various more unusual symptoms of the disease are actively developed 
and tlic patient in the stage of paralysis presents very numerous and 
diverse symptoms. The chief danger of death is from a complicating 
cystitis or pyelonephritis ; from extreme exhaustion owing to a sndden 
crisis of some character ; from general exhaustion due to malnutrition ; 
from bulbar paralysis, or from some intercurrent dis(>ase. Asa matter 
of fact, very few patients die of locomotor ataxia, though cases have 
been reconlcd in which heart failure has devfelojKKl and carried the 
patient away after a long jH'riod of tachycardia. The vast majority 
of patients, however, die of some intercurrent disease. And for this 
reason many patients do not reach the stage of paralysis, but die while 
in the stage of ataxia. 

Course. — The course of the disease in locomotor ataxia is by no 
means a constant one. While the majority of patients develop the 
first stage of pain and go on slowly after tlm^e or four years to the 
stage of ataxia, and remain in that stage with gradually increasing 
symptoms for fifteen or twenty years, then becoming jiaraly/cd, this 
typical course is not conformed to in all cases. A typical history of 
this kind was obtained in but eighty-seven out of one hundred and 
twenty-six private esises. 

Occjisionally, after a short stage of pain or without any preceding 
stage of pain, the symptoms of ataxia develop very rapidly, the 
psitient showing extreme incoordination of gait within three or four 
mouths of the onset of the disease. This was the history in four of 
my patients, and atsixia developed so rapidly as to be classed as of 
acute onset in six other patients. It developed very early in the 
disc‘ase in fourteen other cases. Hence the ciirly appearance of ataxia 
may be taken as typicsd in about 20 per cent, of the cases. The same 
condition of acute atsixia may be due to an acute disseminated myelitis, 
in which ciise the further progress of the disease will fail to reveal the 
typical symptoms of tabes. Acute ataxia is a symptom in multiple 
neuritis, but the history of the causation and the analysis of other 
symptoms, together with the progressive course to recovery in these 
cases, will leave no doubt about the diagnosis. 

There is a type of case in which blindness upon optic atrophy de- 
velops early. The patient shows no other signs of the disease for 
several years, then loscis his knee-jerk, develops slight lightning pains 
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and some uncertainty of movement, but remains for many years 
capable of going about, and docs not suffer from extreme ataxia until 
years have elapi^ since the occurrence of the blindness. This history 
was obtained in nine cases. 

In another class of patients gastric crises develop as an early 
symptom, but arc found to be associated witli Argyll- ^bertson pupil 
and loss of knee-jerk, and then, after several years of psiroxysmal 
attacks of vomiting and pjjin, the other symptoms of locomotor ataxia 
— pains, ocular palsies, and ataxia — gradually develop. This history 
was obtained in six cases. 

In other cases, still, the occurrence of oculomotor palsies asstKriated 
with optic atrophy, rapid pulse, laryngeal crises, deafness, and bulbar 
symptoms make it evident that almost all the cranial nerves are com- 
plicated without much aftection of the spinal cord. It is true that in 
these cases the Kcjmberg symptom may be present and a loss of knee- 
jerk may develop ; but the ordinary ptiins and ataxia may not apin^ar 
for many years after the cranial nerve palsies have rendered the patient 
a chronic invalid. This history was obtained in five csistis. 

A few cases have been described of so-tialled “cervical tabes” in 
which the symptoms of psiin, numbness, and ataxia have gradually 
developed in hands and arms, :)sso<;iated with Argyll-lb)l)ertson pupil 
and very often with gastric crises, bnt in which the patients have 
remained for many years perfectly capable of walking about, without 
any pains in the le{^ and without any loss of knee-jerk. But one of 
my cases showed this naxlc of onset and course 

In other casiis, still, the sudden occurrence of hemiplegia, of epi- 
leptiform convulsions, or of psychuial disturbance of a temporary 
character have preceded the onliuary d(!Vclopment of locomotor ataxia 
by one or two years. Tluise symptoms, liowever, should not be con- 
sidered as belonging to the disesise locomotor ataxia and should not l)o 
(sonsidcred as prodromata of tabes. 

The further coui’se of the ctisc after the development of any one of 
tliese methods of onset is usually a slow one in hx'oinotor ataxia. I 
am convinced that the disesise may come to a spontaneous .standstill at 
almost any stage. Thus I have under my observation a gentleman, 
aged sixty-five years, who for thirty-five years has had slight ataxic 
pains, slight atiixia in walking, which requires him to use a cane, but 
does not prevent his going about at night without it, slight disturbances 
in the function of the bladder, and all three physusd signs of the 
disease. The case is clearly not a syphilitic one and has miule no 
progress whatever during the past thirty-five years, during which time 
his life has been one of eminent usefulness. I have known other cases 
where the stage of pain has been known to last for twenty years with- 
out the development of any ataxia, all the physical signs of the 
disease being present and the psitient expecting all the time to lie 
incapacitated. I have known a condition of locomotor ataxia to ad- 
vance rapidly and by the end of four years to have reached such a 
state as to render the patient incapable of walking without the 
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assistance of two men, the ahixia of the legs being extreme. The 
progress then came to a sjwntancous standstill ; the jmtient has never 
had a single symptom above the level of tlie umbilicus, his ataxia has 
varied very much in intensify ; at times he will be confined to his bed ; 
at times he will be able to walk with tlie aid of one cane. He is 
subject about twice a yejir to sudden sevei’e attacks of pain tliat are 
most agonizing and usually hist from two to three weeks, during which 
time it is necessary for him to take from ten to fifteen grains of mor- 
phine daily, but tliese subside as suildenly as they have come, and, 
though leaving him weak for a time, do not distress him in the interval. 
This has been his history for fifteen years, and he has never during 
this time required the use of a catheter or had any gastric or intestinal 
disturbance. I have known tlie stage of ataxia to Imj arrested after a 
very slight incoordination has developed and the patient to remain but 
slightly ataxic, with few other signs of the disease, for twelve years. 
Under these circumstances it is necessaiy to be very guarded in giving 
a prognosis with regard to the course of a case of locomotor ataxia. 
Such patients are much more happy when oiicnpied with tluiir ordinary 
vocations and living as nearly a normal life as possible. Therefore, if 
there is no tendency to progression in the case, it is far better to dis- 
courage a life of invalidism with constant treatment and constant 
seeking for a favorable climate and for a new cure. It is preferable to 
give these patients a favorable prognosis, making tlicm understand that 
they have lost certain nerve functions which cannot be regained, 
because of a destruction of nervous tissue, but that there is eveiy hope 
that further destruction can be averted by a fair amount of care. 

Diagnosis. — The diagnosis of locomotor ataxia docs not often pre- 
sent any diflScultics if the history of the case is carefully studied with 
a knowledge of all the various methods of onset that may occur. The 
absolute diagnosis rests rather upon the presence of certain physical 
signs than upon the existence of subjective symptoms. These ai-e the 
absence of contraction of the pupil to light, the loss of knee-jerk, and 
the swaying when the eyes are closed and feet are approximated. When 
any one of these symptoms is present, cfjmbined with lightning pains, 
with the undue fatigue after exertion, Avith pareesthesiee, or with ataxia, 
there should be no doubt about the diagnosis. But there are certain 
diseases which may be mistaken for locomotor ataxia, and hence a dif- 
ferential diagnosis must bo carefully considered. Multiple neurUin fol- 
lowing alcoholism, or poisoning by arsenic, or developing subsequently 
to diphtheria or other infectious diseases, or developing without known 
cause may produce pains, ataxia, and a loss of knee-jerk, and parses- 
tliesise in the limbs. But in the majority of these cases the onset of 
the symptoms and the development of the ataxia are far more rapid 
than in J|l)cs, all the symptoms developing within three to six weeks, 
and the*patient from being a person in fairly good health is early 
reduced to a stage of extreme ataxia. The history of such cases will 
usually enable a diagnosis to lie reached. An examination of such 
patients demonstrates that there is no Argyll-Robertson pupil, even 
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when there is a loss of kutie-jerk, and that the symptoms are as wide- 
spread in the upper as in the lower extremities, though in tabes the 
hands are commonly not invulvtid until the patient has been atoxic in 
the legs for several years. In peripheral neuritis the bladder and rec- 
tum are rarely, if ever, affected, while disturbance of their mechanism 
is an early sign in locomotor ataxia. In peripheral neuritis the distri- 
bution of the anaesthesia, when present, is in the stocking-shaped and 
glove-shajKid areas of tlie skin, whereas, as alrewly stated, in atoxia the 
distribution of the anaesthesia corresponds to the posterior nerve root 
or segment regions of the skin, and is particularly frequent u^wn the 
trunk in the form of a band, a condition never found in multiple 
neuritis. These points are usually sufficient to estoblish a differential 
diagnosis between these two affections, an«l yet I am tionstontly seeing 
<!ascs in which there is some difficulty in distinguishing clearly between 
these diseases, which a careful study of the history always removes. 
Inasmuch as tabes is an incurable affection, while peripheral neuritis 
almost invariably recovers, the importance of the diagnosis, as far as 
prognosis is concerned, cannot be too closely insisted upon. 

The diagnosis of locomotor atoxia from general paresis would seem 
to be very easy in the majority of cases, inasmuch as one is a brain 
and one a spinal-corfl affection. But there are a few cases of general 
paresis which present the typical symptoms of the first sbige of loco- 
motor ataxia — lightning pains, great fatigue in the limbs, a loss of 
knee-jerk, and slight ataxia — and which also present the Argyll- 
llobertson pupil. These symptoms develop simultaneously with or 
soon after tlie mental irritobility, the loss of memory, the lack of 
power of concentration, and the visionary and cxalte<l i<leiis whidi are 
characteristic of this disease. Not infrequently patients show some 
disturbance of speech, tremulousncss of the face, and tingling and 
trertior of the hands. It is in these cases that sudden transient atta<;ks 
of hemiplegia are to be expected. In such cases the symptoms of tolres 
do not progress beyond the slight «legree of atoxia and pain ; (h) not, 
as a rule, play a very important r6le. It is therefore evident that one 
should be ou the watch for the development of mentol symptoms in 
any (awe of tobc.s, and when they occur the diagnosis of a general 
nervous affection in which both posterior (iolumns of the (!ord and 
cortical lesions of the brain are present may be nuide. Here, agiiin, 
the prognosis is important, as paresis is a disease which naichcs the 
fatal end within three years, while tobes may remain for twenty yijars 
as a chronic affection. 

The differential diagnosis between tote and ataade paraplegia is made 
by the existence in that disease of the symptom of spsistic paralysis, 
stiffness and rigidity of the limbs, and an increased knee-jerk. The 
development of these additional symptoms will be sufficient t4) make 
it clear tliat a lateral sclerosis as well as a posterior sclerosis is present. 
Many cases of ataxic paraplegia develop the spastic symptoms with the 
ataxia, but the patients do not suffer from lightning pains. Both dis- 
eases are progressive and equally unfavorable in prognosis. 
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The dij^nosis Ijetween locomotor ataxia and disease of the cerehdlum 
many occasionally caasc some difficulty, inasmuch as ataxia occurs in 
cerebellar aff'ecjtions. But (ierebellar ataxia is wholly a static ataxia — 
i. e., an atsixia of walking and of balancing in the upright position — 
and when the piiticut is lying down witli the trunk and head supported 
there is no ataxia of the hands and feet. The staggering gait of cere- 
bellar disciise is much more irreguhir than the gait of locomotor ataxia, 
and it is not uncommon in cerebellar affections to find a tendency to 
stagger towani one side. The stamping gait with throwing of the feet 
high is not present in cerebellar disease. lumanycasesof cerebellar dis- 
ease the knee-jerks are absent, but the pupil reacts to light, there are 
no lightning pains or numbness, and rarely any bladder disturbances. 

The differential dii^nosis of tabes fr«)m dissemimUed aderoms may be 
made from the absence of imn in that disesise, from the usual exaggera- 
tion of knee-jerk, from the prompt action of the pupils, from the pres- 
ence of intentional tremor, and from the presence of nystagmus. The 
very many other symptoms of tabes mentioned fail to appear in the 
course of multiple sclerosis. 

In many cases of neurasthenia, especially among physicians, the sup- 
p^)8ed absence of knee-jerk is liable to give rise to a fear of the exist- 
ence of locomotor ataxia, and then the easy fatigue upon effort, together 
with the occurrence of occasional neuralgic pains and possibly slight 
irritability of the bladder, due to the presence of uric acid or due to 
the secretion of large amounts of hysterical urine, may lead the patient 
to suppose that the more serious disease is imminent. I have even 
seen an uncertainty of gait, swaying when the eyes are closed, and a 
complaint of a girdle simsation in t^ueh patients. But a careful exami- 
nation will always demonstrate the contraction of the pupil to light ; 
the knee-jerks will usually Ixi elicited by the Jendrassik method or by 
tapping the tendon sharply when the patient is not expecting this exami- 
nation, and the very slight intensity of the symptoms and the lack of 
development of any of the various serious symptoms of ataxia, such as 
gastric crises or true auffisthesia to pain, will enable a diagnosis to be 
reached. 

Differential diagnosis between syphilis of the spinal eord or subacute 
syphilitic meningitis and locomotor ataxia is extremely difficult in some 
eases, for a syphilitic meningitis will cause lightning pains, parissthesiee, 
or even ataxia, and not infrequently in this affection there is a diminu- 
tion or loss of knee-jerk ; but tlie history of the ease, sis a rule, will 
give a clue to the diagnosis, for syphilitic meningitis comes on more 
rapidly than locomotor ataxia. Its symptoms are not as symmetrical 
as those in tabes ; it is more likely to be attended by pain in the back 
and by hypertpsthesia of tlie trunk. The knee-jerk is rarely lost, even 
though diminished, and may usually be elicited by reinforcement. 
There is no loss of the pupil reflex to li^t. The pain in the back is 
woriiiji at night, and bladder and retttal symptoms are usually absent. 

..jhail^ment. — There are two facts to be noticed t)efore entering upon 
a. consideration of the treatment of locomotor attixia : 
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1. The disease from its very beginning depends upon certain changes 
in the neurones of the spinal ganglia which are permanent in character, 
and hence complete recovery in any stage is impossible. All that thera- 
peutic measures can hope to accomplish is to arrest the progress of the 
changes at the point reached, so that further symptoms may not develop, 
and this, in the majority of cases, is imiwssible with our present 
knowledge. 

2. The natural history of the disease is one of very slow progress, 
with periods of decide<l remission in some symptoms and of spontaneous 
disappeiirance of other symptoms, and also with long periods during 
which the patient remains in a stationary condition. Thera|)eutic 
measures may result in producing an arrest of the disease or in caus- 
ing a remission of certain symptoms, yet the history of the use of 
numerous remedies formerly employed but now discarded, should btach 
us that it is often a mishike to ascrilje results which may be natural to 
means which have been employed. It is never to be foi'gotten that 
the desire for relief and the expectation that it is to follow the use of 
a reme<ly are potent factors in producing temporary results. When, 
therefore, remarkable results are claimecl for any new reme<ly in the 
treatment of locomotor ataxia — as, for example, eiectrical appliciitions, 
nerve stretching, and suspension and the use of the animal extracts — 
the wise physician will show a becoming skepticism, even when making 
use of every means which may give tlie patient relief, and will wait 
for time to prove what is of acti^ service. 

Climate. — Patients suffering from locomotor ataxia are usually very 
susceptible to changes in the barometer and in the humidity of the 
atmosphere. They are more comfortable in a warm, dry climate, and 
any sudden change to cold or to wet weather produces an increiise in 
their pain and incoordination. They also appear to sutler more in high 
altitudes. Therefore, it is well for those who can afford it to setsk to 
mitigate their sufferings by residing in the South during the winter and 
in the North during tlie summer. The elimate of southern California 
is perhaps the most equable during the winter months, and is certainly 
less cold and damp than that of Florida or of the Riviera, although 
these latter are preferable to a northern climate. The incrfjased sus- 
ceptibility to cold makes it necessary for the comfort of the psitient to 
keep the temperature of his house during the winter at about 70° F. 
and to protect him from draughts. Yet it is rarely, if ever, advisiible 
for him to abandon such an amount of out-of-door life as is most con- 
ducive to health and vigor. 

Diet. — It cannot be claimed that any particular form of diet is 
advisable in this disease. It is not to be forgotten, however, that it is 
of great importance to keep the patient in a good general condition 
and to increase, if po.ssiblc, the nutrition of the body, thereby rctsird- 
ing the disintegration of nerve elements. Any system of diet which, 
by excluding certain cla-sses of foods, tends to derange the processes 
of digestion and nutrition should be avoldtnl. I have seen patients 
much harmed by following rigid methods of diet, such as a strictly 
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non-nitrogenons diet, or a diet of meat, bread, and hot water, or a 
vegetarian diet, and, therefore, I believe that a generous diet, including 
all forms of food, with a slight excess of fat in the form of cream or 
cod-liver oil, is to be recommended. A rather free supply of water is 
conducive to the elimination of waste products, aud the use of coffee, 
and beer or light wines in moderation need not Iks forbidden, 
though any indulgencse in spirits is to be avoided. Tobacco may also 
be allowed. 

l^ercise. — From tlic earliest stage of the disease the patients com- 
plain that any effort, especially that of walking far or standing for a 
long time, prepuces an unusual sense of fatigue. It seems reasonable, 
therefore, to limit from the outset the amount of exercise taken, and, 
without confining the patient to the house or to his chair, it is well to 
caution him against any form of exertion which is sufficient to produce 
discomfort. Later in the course of the disease, when any movement 
is attended with difficulty, it may Ihj necessary to urge upon the patient 
the dangers of taking to his couch or l)ed, and even in the stage of 
helplessuess it is far better for him to sit up during the greater part of 
the day, as there is no question that the venous congestion of the spine 
produced by constant lying on the back is prorluctive of an increase 
of pain in this disease. 

Massage. — During the early stage and during the last stage massage 
may be of service. In the early .stage deep massage to the muscles of 
the back promotes the flow of venous blocxl through the spinal vessels 
and their anastomotic branches, and is the best means of relieving the 
congestion which is supposed to exist. Given at night, it often pre- 
vents the onset of paroxysms of piiti, and secures sleep, especially if 
the patient can be taught to lie on his belly and not on his back. In 
the last stage, when almost all voluntary motion is imjwssible, gcmeral 
massage, by promoting venous return, gives much comfort and aids 
nutrition. In the long stationary stage of ataxia, when iwins are not 
severe and when sufficient exercise can be taken to keep up a fair cir- 
culation, massage is not needed. In some cases tlie tenderness of the 
skin prevents its use at all times. 

Baths. — Almost every form of hydrotherapy has had its advocates, 
and it must be admitted tliat there is no metlukl of treatment more 
serviceable in chnmic spinal affections than the use of baths. To obtain 
the best results the patient must be sent to some mineral bath in the 
country where the combined influences of change of air, scene, sur- 
roundings, and diet, with the r6gime of a water-cure establishment 
properly conducted, can be secured. In the summer months a cool 
mountain resort is to be selected. In the winter a southern mild 
climate is to be sought. It is much to be regretted that this country 
offers few such establishments as are to be found in Fmnce and Ger- 
many. It is possible, however, to find in many regions the proper 
facilities for bathing, and well-arranged establishments are rapidly 
multiplying as the need is felt. The mineral constituents of the water 
are‘‘of ihuch less importance than the temperature of the bath, and 
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when the Intter is correctly regulated it makes little difference whether 
the spring furnishes sulphur or saline or iron water. 

It a 2 )peiirs to be quite generally admitted by those who have had 
exjjcrience with the use of baths in this disease that tepid and warm 
baths are preferable to all others. Hot baths — of a temijcrature 
exceeding 97° F. — are considered injurious. They may relieve cer- 
tain symptoms temporarily ; in fact, no means will act more quickly 
than a hot bath for the relief of pain ; but the ultimate effect of a suc- 
cession of hot batlis is to increiise the rapidity of progress of the dis<!aso 
and to intensify the symptoms. Cold baths at a temperature below 
65° F. are also injurious. It seems probable that damp cold air or 
exposure to wet and cold are factors in the production of locomotor 
ataxia, and the discomfort resulting from a cold bath is very great to 
the majority of patients. When baths are used it is better to have the 
temperature of the water vary between 75° and 95° F., as within tliese 
limits a sulBcient alternation of heat and cohl can be secured. 

There are many methods of using water in baths. Spinal douches 
may be given by directing a stream of water of some force from a spout 
against the entire length of the spine, the temperature of the water being 
varied during the domdie from 90° F. down to 75° F., or else being 
kept constantly at 85° F. This may be used for ten seconds daily. 
Or the pjitient may have the spine sponged with water while he sits on 
the edge of a tub or in a site bath. The sudden alternation from heat 
to cold — 90° to 75° F. — in sucli sponging may be employed at the 
end of the bath. Both these methods are te be followed by brisk nil)- 
bing with warm towels. A full bath at 90° F. for twenty minutes is 
a method frequently employe*!, and when a course of ioilide of potas- 
sium is being pursued this is to be used daily. The “ salt rubs ” and 
“ alcohol baths ” of various establishments arc not objectionable, pro- 
vided the temperature of the water be within the limits pres(!ril)e*l. 

It is evident that all these procedures act upon the spinal circula- 
tion, either by affecting the eilibre of the vascular system in general 
or by producing such peripheral irritation of tlie skin as to cause reflex 
vasomotor effects. In either case the circulation in the cord is stimu- 
lated ; congestion, whether arterial or venous, is relieved, and waste 
products removed, with the result of iruireasing the nutrition. Such 
measures may be carried on at liomc, providetl the jKiticnt’s means «lo 
not admit of the expense of a residence in an esteblishment. 

Baths are not to be continued for very long jK!rio<ls <!onsecutivcly. 
It is better for this method of treatment to be used thonaighly twice 
or three times a year for a peri<Hl of two or three months, and then 
stopped. The use of tepid packs to the extremities or to tlie alxlomen 
for an hour or more for the relief of pain is highly recommended. The 
extremity is enveloped in flannel wrung out in warm water and covered 
with oil^ silk. The damp heat often relieves the lancinating i)ain8 
promptly. 

Ooonter-lrritation. — Counter-irritation to the spine, whether by blis- 
ters, cautery, setons, ice-bags, poultices, or cups, has been generally 
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abandoned as a means of cure'. In some cases pain^ if severe, may be 
relieved by the application of an ice-bag to the spine for a short time 
or by the use of dry cupping. These, however, are of but temporary 
service, and are probably not witliout a harmful influence upon the 
progress of the lesion. 

A mild form of counter-irritation to painful parte is sometimes of 
service in relieving tlie severe piin. The part may be stroked with a 
faradic bnisli, may be heated by a mustard poultice, blistering being 
avoided, or may be stimulated by liniment, the surface irritation appear- 
ing to counteract the pain of central origin. In all local applications 
in locomotor ataxia it should be remembered that great care is to be 
observed, for the senses of pain and temperature are often impaire<l, 
so that the jMitient is unable to perceive degrees of heat or pain which 
are harmful. If hot foot baths are used the feet should not be blistert^d 
unwittingly, and if hot biigs or poultices are applied they must be 
watched, as no reliance can be placed on the patient’s sensations. 

Electricity. — Electricity is an agent which has for tlie past fiftcicn 
years been used quite generally in the treatment of chronic spinal dis- 
eases, including lo('X)motor ataxia. A galvanic current has been recom- 
mended by Erb and others as the only form of electricity which in- 
fluences the progress of the disetise. It is applied to the back, one 
pole being platicd upon the neck or between the shoulders, the other 
low down upon the lumbar region. The upjjer pole is sometimes 
placed over the sympathetic ganglia in the side of the neck, though no 
evidence has ever been furnished of any direct action upon the sympa- 
thetic nerves, and if this method is used it is wholly empirical. A cur- 
rent of medium intensity is usually preferred, that is, a current not 
greater than twenty milliampferes in strength, the electrodes employed 
having an area of about one hundred square centimetres (three by five 
inches). The direction of the current, whether ascending or descend- 
ing, appears to be a matter of indifference. The duration of tlie appli- 
cation may be from three to ten minutes daily or eveiy other day. 

Those who were at first enthusiastic regarding the effects of elec- 
tricity in locomotor ataxia appear to be gradually modifying their 
opinions, and, although tliis method of treatment is still pursued by 
some specialists, it is now discarded by many others. It is a matter 
of much doubt whether a current as weak as that mentioned affects the 
spinal cord at all. It certainly fails to produce any subjective periph- 
eral sensations, which is the test of its reaching and affecting a periph- 
eral nerve, such as the ^iatic. On the other hand, when much 
stnmgcr currents are used there seems to l)e some dangcir of unpleasant 
results, such as vertigo and a sudden increase of the symptoms of the 
disease. So little is still known of the exact effect of ^vanism on 
tlie spine, and the knowledge of its action elsewhere leads so directly 
to tlie conclusion that it cannot have any effhet upon the progress of a 
sclerosis, that it seems incumbent upon those who persist in this treat- 
ment either to bring forward some positive results or to (dear themselves 
in'soibe^ other manner of a suspicion of great credulity. For my own 
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part, I agree with Gowers and Mobius that as a therapeutic ag(«t in 
locomotor ataxia it is useless, either as a direct agent aliecting the 
progress of the disease or as a means of treating individual symptoms. 

Suspension. — A recent method of treatment proposed is that of 
suspending the piitient by his head and arms for half a minute or 
longer daily. This is done by means of an ap|)aratus used by ortho- 
pedic surgeons for suspending a person during the application of a 
plaster jiicket. Tlie only care neeessaiy is so to adjust the supports 
as to make less traction by the head than by the arms and to pad the 
support under the arms, so that serious compression of the nerves and 
veins of the axilla shall l)e avoide<l. The patient is pulled up slowly 
until the feet are clear of the floor. On any expression of discomfort 
or any appearance of syncope the procjcss is to l)e stopjjed at once. It 
is thouglit best to l)egin by a short s&ince — one-half minute — and 
gradually increase the duration to three or even four minutes daily or 
twice daily. 

Tills method is not considered curative, but has been said to cause 
relief of many symptoms, cases being recorded in wliich pain dimin- 
ished, bladder and rectal wntrol was reestablished, sexual jxiwer was 
restored, and the ataxia so much relieved that walking was made more 
easy. It has been said tluit a return of tlic knee-jerk occurred during 
the treatment. 

During the first year in which the method was employed reports 
of great improvement in many cases were published. Russell and 
Taylor* collected two hundred and fifty-five cases recorded by Con- 
tinental observers, in 77 per cent, of which a distinct improvement 
was noted, in 30 per cent, no improvement occurred, and in 3 jier 
cent, the patients became worse. They could not confirm these results, 
however, by their own experience, for out of thirty-two cases only six 
improved, twenty-three did not improve, and three laKiame worse. 

The experience of Krb, Bernhardt, and Dujardin-Beaumetz seems to 
agree with that of Bussell and Taylor. My own experience in almut 
twenty cases is even leas favorable, there being but one patient out of 
the twenty who at the end of two years, considereil it worth while to 
keep this treatment up. There is certainly no objection, however, to 
its employment. The apparatus is not expensive ; it can Ihj put up in 
any house, and a patient can soon learn its details suflicacntly to have 
it carried on at home by a servant or member of his family. But the 
more recent reports on all sides confirm the belief that suspension, 
like nerve stretching and the actual cautery, is not destined to become 
a permanent method of treatment in locomotor ataxia. It is possible 
to obtain the same efiFcct by a firm, gradual flexion of the bwly ufsai 
the thighs, the patient being bent forward while lying. This, like 
suspension, occasionally relieves pain. 

Medicinal Treatment. — In the majority of cases of locomotor ataxia 
syphilis has been the probable cause. It is not supposed that the 
disease is an actual manifestation of syphilis, but that it is a sequel of it. 

’Brain, 1890, vol. xiii., p. 217. 
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It is well to make a thoroufjh trial of treatment by mercury and 
iodide of (Kitassium (see psjge 688) in eases of locomotor ataxia, and if 
a decidcKl improvement takes place it is well to continue the iodide and 
to repeat tlie course of mercurial inunctions at intervals of four months, 
each mercurial course lasting from two to four weeks, according to the 
toleration shown by the patient. In cases in which tliere is a subacute 
spinal meningitis with the sclerosis this treatment gives the l)est re- 
sults. It is to be remembered that the use of mercury hastens the 
progress of opti(;-ncrve atrophy, and therefore in the class of cases of 
locomotor ataxia in which optic-nerve atrophy is the initial symptom — 
a class quite easily separate from the ordinary type — this line of 
treatment is not to be employed. 

In cases that arc not syphilitic in origin or in which specific treat- 
ment lias fiiiled one may use otlier drugs. The best line of treatment, 
in my opinion, is the use of arsenic in small does (arsenious acid, 
grain three times daily, or the cacodylate of sodium, tV to J grain three 
times daily) or the continued use of corrosive sublimate, grain three 
times daily, or botli used alternately. Arsenic is one of the laist nerve 
tonics, and may possibly retard tlie disintegration of nerve fibres in the 
sclerotic areas of the cord. Corrosive sublimate is believed by many 
to retard the production of connective-tissue inflammations. 

Ergot, which was formerly extensively employed, cither in the form 
of fluid extracit, J drachm, or of ergotin, J to 1 grain three times daily, 
is not, in my experience, of any permanent benefit. If it is useil it 
should not be given continuously, but only four days in every week 
(Charcot). 

Nitrate of silver has also been used for many years, and still has 
some reputation. It is to be noted tliat this drug has usually been 
given in pill made up with a vegetable extract. As a matter of fact, 
when thus prepared it turns into an oxide of silver within a day or 
two; lienee it is quite likely that patients have not had the benefit of 
the drug. It should be administered with kaolin in a capsule. When 
so given it is very liable to disturb the stomach, and if kept up for 
any length of time discolors the gums, mucous membranes, and skin a 
thirk blue. On the first sign of such an effect it should be stopped. 
Reiicntly the use of this drug hypodermically has been urged, but it is 
too soon to report success. 

Strychnine is universally discarded in the treatment of ataxia, except- 
ing as a temporary remedy for the relief of incontinence of urine, in 
which it occasionally suceei^s. 

ficlladonna has also been tried, but seems to have little claim to use- 
fulness. There has not as yet been found any drug which can be said 
to be curativedn the disease. I have never seen any benefit from the 
use of animal extracts, and the so-called “goat’s lymph treatment” has 
failed to be of the slightest use in a number -of my patients who have 
tried- it. 

There are certain symptoms of locomotor ataxia which require treat- 
ment. Pain is the chief one, and for this the most valuable remedies 
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have been discovered recently in antipyrine, acctanilid, and phenaeetin. 
Given preferably in a triturated powder in their ordinary dose and 
repeated two or three times a day, they succeed in quieting pain very 
well. I prefer to prescribe each remedy separately, using aich fc)r one 
week at a time and changing about, so that the dose neecl not be con- 
stantly increased. Salicylate of sodium in 10-grain to 20-grain dost's 
sometimes acts when the drugs just mentioned fail. In many castes, 
however, re(!Ourse must be had to opium, ctnleine, or morphine. It is 
often possible to combine these drugs with others which neutndizc their 
disiigrceablc affects, as in Brown-S6quard’s neuralgic pill. Eventually, 
the hypodermic use of morphine may be resortixl to, and seems to be 
wholly Justifiable in a disestsc which is very painful and chronic. Gowers 
uses chloride of aluminium in 5- to 10-grain <lose8 three times a day. 

The treatment of painful areas by the faradic brush, by cold or hot 
applications, or by cupping the spine, has already been alluded to. 

Agaiust the crises of lotsomotor ataxia we have but one sure remedy 
— viz., morphine hy])odermically — and this should be used frcHjly to 
relieve these distressing symptoms. Antipyrine and phenat'etiu have 
Intcn niccntly rticommended in the treatment of gastric crises ; also 
oxalate of cerium in large doses frequently rapeated ; also hypodermic 
injections of strychnine. 

The sense of stiffness which attends the stage of ataxia is frequently 
relieved by the use of warm baths, as already descrilx-'d. 

The jumping of the limbs which oflen annoys the patient toward 
evening is best controlled by bromide of sodium given with Huffman’s 
ano<lync. 

The difficulty of micturition and in the control of the rectum some- 
times ari.st!8 from the existence of ulcers in the urethra or rectum. 
(Denslow.) If such ulcers are found and arc successfully treated 
these symptoms may be relieved. 

The chronic constipation usually re<iulres the habitual use of some 
laxative or encmata, es[)ccially if opium is being employed for the 
relief of pain. 

Chronic cystitis, joint diseases, and ulcers of tlie fot)t must be treated 
according to the usual methods described iu suigical tcxt-b(K)ks. 

For the optic-nerve atrophy no treatment seems to be of avail, 
although hypodermic injections of strychnine and the use of io<]ide of 
lK>tassium have their adherents. 

For the relief of the ataxia a method of training has been invented 
by Frenkel, of Heiden, which, if faithfully carried out, is usually 
successful. This method depends upon the fact that the act of walk- 
ing, while ordinarily automatic, may be voluntarily directed. In loco- 
motor ataxia the automatic mechanism is disturbed, but an effort of the 
attention combined with a progrt'ssive training of the muscles may 
enable one to acquire a voluntary gait which assists or takes tins jdace 
of the automatic gait. The Frenkel movements consist of attempts 
to follow a straight line, or a curved line, or a triangle upon the floor 
M'ith tlie tip of the toe ; then, when these motions can be accurately 
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performed by the aid of sight, further motions, such as taking a step 
of a definite length, going up stairs and going through various bodily 
exercises, are learned. These exercises should be gone through with 
several times a day, the patient resting for five minutes after every 
five minutes of exercise. While patients can acquire these motions 
themselves after instniction, yet it is found that they improve much 
more rapidly if they are iKjrsonally instructed by tlic physician every 
day. As a result of such continued instruction the gait may be 
materially improved. I have known patients who had been unable to 
walk for several yesirs to regain the p<iwer. For details of this 
method the reader is referred to Frenkel and Goldsclineider’s books on 
the treatment of ataxia. 

Well-fitte<l boots with .side supports to the ankle and rubber heels 
may assist the patient to walk. 



CHAPTER XX. 


COMBINED. SCLEROSIS. 

Ac<iuire(l and Congenital Ataxic Paraplegia. Friedreich’s Ataxia. 

History. — Westphal, in 1867, observed a ctisc in which both pos- 
terior and liiteral (M)luinus of the coni were sclerotic. St)on after Erb, 
Pierret, ainl v«)n licyden recogniztjd tlie fact that this may be tlie 
terminsil lesion in some ca.ses of kieomotor ataxia. In 1877 Kahler 
and Pick and in 1878 Westphal described combinetl sclerosis as an 
indeiKiiidcut affe<;tion. In 1 886 Gowtsrs presented a clinical picture of 
a disease which ho name<l attixic jKvraplegia and sIjowikI its d<![K(ndciua! 
upon a sclerosis of the posterior and lateral columns of the coni. Since 
that time a numlier of similar cases have been published, csjtecially by 
Strumpell, Oppenheim, Dana, and Putnam. But consi(lcr;ible discus- 
sion has arisen in rcganl to the exact nature of the discrasti. Some 
miiintiiin that it is a “ system diseijsc ” of the si)inal cord, by which it 
is intended to imply that the lesion begins in and is limited to certain 
definite columns. Tliey have s(Min cases in whicli the columns of (loll, 
Burdach, and the lateral pyramidal and direct cerebellar cohnnns W(!ro 
aff(!ct<!d together. Others have shown that the lesion is not strictly 
limited to the various functional tracts, but is mimh moni diffuse than 
it is in such diseases as tolws or amyotro])hic lateral sclerosis. In the 
cases examined by them the root zone of the cohnnn of Buixlach was 
much less affiseted than the renniiuder of the colnuin, the scpto-inarginal 
an<l cornu-commi.ssural tracts were afTected, the lateral limiting layer, 
the column of Gowers, and some parts of the antero-lateral column 
were involved ; in a word, there wiis a diffuse sclerotic! process of vary- 
ing intensity at different levels of the cord, from whicih the anterior 
iwrtions only and the anterior horns were exempt. In some of tlmse 
cases there was considerable atmphy of the gray mtitter alM)Ut the cen- 
tral canal and of the columns of Clarke. Ilenec, Lewden has recicntly 
reaffirmed that combined sclerosis is merely a form of chronic diffuse 
myelitis ; that the distribution cef the lesion through long tracts of tlie 
cord is merely due to the structure of the organ, any local lesion being 
necessarily followed by secondary degenerations upward or downwanl 
that are greater in extent the nearer the lesion to the periphery of the 
cord, since the longest fibres lie on the surface, and he denies the 
existence of a special disease aside from chronic myelitis. Whatever 
the outcome of this pathological controversy, it remains a fact that the 
majority of clinical observers recognize a combination of symptoms that 
constitute a special disease, inasmuch as they differ from other recog- 
nized diseases. And the origin of this disease appears to have been 
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rightly (liaolosod by the investigations of Marie, who traces it to a 
vascular cause. It is well known that the spinal cord is supplied by 
two 8^^ts of arteries, one which enters d(!cp within the organ through 
the anterior fissnn; and supplies its anterior half and its gray matter, 
the other which sends numerous branches into the lateral and pris- 
tcrior columns. (Fig. 159.) Any disesise in these arteries causing 
an anaemia of the parts supplied, any thickening of the membrane 
upon the posterior half of the cord compressing these arteries, or any 
condition impiiiriug the nutrition of the cord by blood reaching it 
through these vessels might produce a degeneration. And the situ- 
ation of this degtincration would uccessiirily be in the posterior and 
laterjxl columns to a greater or less depth. This theory seems to 
explain both the location of the lesion and its diffuse character. 


Fio. 150. 



The dlsttlbntlDD of the apinal arterlce. The ehaded areas arc the regions which are sclerotic In 
combined sclerosis, and correspond to the distribution of the peripheral system of arteries, (Marie.) 

Pathology. — Combined sclerosis consists of a diffuse sclerotic proc- 
ess in the spinal cord chiefly limited to the posterior and lateral columns. 
In cases of moticratc duration the lesion affects the column of Goll in 
its entire length, the eolumn of Burdach in part (the root same, the 
jjeriphcral portion and the part adjacent to the commissure often escap- 
ing), the dircet cerebellar tract, and the lateral pyramidal tract. In 
cases of long duration the lateral limiting layer, the tract of Gowers, 
and a part of the antcro-lateral tract adjacent to the pyramidal tract, 
as well as the cells of Clarke’s column and of the central gray matter, 
are also degenerated and the selero-sis is more complete in the columns 
first affect^. The extent of the lesion vertically also differs in differ- 
ent cases, according to their duration. In the majority of cases tlic 
dorsal region of the cowl is the part first involved, and as the case goes 
0(1 ^‘coQi^ry degeneration as well ns the extension of the original lesion 
inore^'thc verticid extent of the sclerotic process. In some cases the 
latterid^^luinns arc more deeply involved than in others. In some 
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cases the posterior columns are those first and most seriously affected. 
But if the patient lives long enough the terminal condition is one of 
invasion of both columns in their entire length. The varying descrip- 


Fio. 160. Fio. 1(!1. 



Fra. 163. . Fio- 164. 



The sitnatlon of the lesion in coinhined sclerosis of vascular origin. Fig. IfiO, cervical ; I* ig. IBl, 
middle dorsal ; ITg. 1G2, lower dorsal ; Fig. 163, lumbar ; Fig. 164, sacral regions. In the lumlmr and 
sacral region the lesion Is one of descending degeneration only. (Ballet et Minor.) 

tions presented by diflerent authors of these lesions are largely due to 
the omi8.sion of any reference to the duration of the disease in the dif- 
ferent cases, Putnam being the only observer to distinguish lietween 
symptoms of long and of short standing in the same case. 

In addition to the sclerosis of the cord the majority of observere have 
noticed a thickening of the pia mater, especially upon the jaisterior and 
lateral surfaces, with adhesion to the coi^. Some have seen a state of 
arterio-capillary fibrosis or a true endarteritis in the spinal vessels. 
The anterior nerve roots have been found atrophied. 

The combination of secondary degeneration of the motor and sensory 
tracts sometimes found in advanced cases of general paresis is not to 
be classed with this disease. 

25 
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Etiology. — Little ih known of the cause of ataxic paraplegia, but 
the widespread dcgenemtioii in many columns of the cord has given 
rise to the supposition tliat it is due to an inherent want of vitality in 
the nervous system with a tendency to degeneration from general mal- 
nutrition of the neurones. It is certainly more common in persons of 

Fia. 105. 



Section through the lower cerrical cord showing combined sclerosis of the lateral end posterior 
columns. (Larkin.) 

neurotic tendency. It develops usually in males in early adult life, is 
not particularly related to syphilis, tliough it has been traced to it in 
some cases. In many cases it follows extreme muscular exertion, and 
hence is more common in workmen and those subject to long marches 
or heavy labor. It has been known to develop after severe exhaust- 
ing diseases, such as ansemia, leucocythmmia, and cancer, and especially 
as a complication of pernicious ansemia. Marie traces it to endarteritis 
in the spinal vessels. 

Symptoms. — Patients suffering from combined sclerosis complain 
first of considerable fatigue in the legs after short walks, a sense of 
numbness and heaviness in the legs, and of stiffness of the muscles and 
of an unsteadiness of gait. This unsteadiness of gait is usually worse 
in the dark, and gradually as months go by the patient becomes dis- 
tinctly atakic. But this ataxia is combined with a rather marked stiff- 
ness in the action of the legs similar to that seen in lateral sclerosis ; 
the feet are not thrown high as in locomotor ataxia, but are dra^e<l 
' dlpng the ground. There is a marked swaying when the eyes are 
^ cIqs^. There is slight diminution of tactile sensibility in the feet, less 
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in the thighs, and there is no girdle sensation. There is an exaggera- 
tion of the knee-jerks, and ankle clonus and Babinski’s reflex are pres- 
ent. These patients do not complain of lightning pains, as in locomotor 
ataxia, and they are not subject to crises. They often suffer from a 
dull aching sensation in the sacrum. 

As the case goes on, after three or four years the spastic symptoms 
appear to surpass the ataxic symptoms in intensity, and spastic para- 
plegia, together with its characteristic gait, obscures the ahixia. These 
patients sometimes suffer from disturbance of the action of the bhuldcr 
and rectum as the dise>i.se goes on. When the abixia reaches the 
upper extremities the reflexes are increased. The Argyll-llolMjrtsou 
pupil is absent, but nystagmus is not infrequently developed, and this 
may give rise to the supposition that the disease is really disseminated 
sclerosis. Optic atrophy has been observed. 

The course of the case is a very chronic one, but is progressive, in 
this respect differing from the spontaneous arrest frequently seen in 
locomotor ataxia. In the course of six or ten years these patients 
become fully paralyzed, are confined to the bed with limbs dmwn up 
and rigid, and with all the distressing twitchings of the muscles, spasms 
of the legs and back, and tendency to bed-sores, which are present in 
cases of lateral sclerosis in the later stages. They usually die of some 
complication. Some cases are more rapid in their progress. This is 
especially true of those associated with and due to pernicious anemia 
or some form of toxsemia. In these cases the final termination is 
reached within a year, emaciation, diarrhoea, and exhaustion preceding 
deiith. Dana and Putnam liave described these cases most fully. As 
to the manner of onset and course of these cases there is a woid to be 
said. The facts presented in the discussion of the pathology would 
indicate tliat the symptoms in different cases may be quite different. 
Oppenheim distinguishes two groups of cases ; one in which the symp- 
toms of 8[)astic paraplegia are more prominent ; the other in which 
the symptoms of locomotor ataxia are more marked. In the first the 
spastic panilysis is soon followetl by the symptoms of ataxia. In the 
second the reverse order is seen. In my experience the latter class is 
more frequent than the former, and it is this class which corresponds 
to the ataxic paraplegia of Gowers. It is a very rare type of spinal 
affection. 

Diagnosis. — The diagnosis of the disease presents no difficulties, as 
is evident from the description of the symptoms. It cannot be mis- 
taken eventually for tabes or for lateral sclerosis because symptoms of 
each disease appear in addition to those of the other. 

Prognosis. — The disca.se is a slowly progressive one, and no arrest 
in its course can be expected. Yet occasionally periods of remission, 
like those occurring in locomotor ataxia, have been observed. 

Treatment. — Treatment is the same as that in locomotor ataxia. 



388 


FIllEUUEICU’ti ATAXIA. 


FBIEDREIOH’S ATAXIA. 

A defective development of the spinal cord, with the production of 
neuroglia tiasuc tiiking the place of the defective or degenerated fibres 
in a number of various tracts of tlie spinal cord, was first described by 
Friedreich, of Heidelberg, in 1863 and 1876, and was named Fried- 
reich’s ataxia. Friedreich supposed it to be a juvenile form of loco- 
motor ataxia, and cidlcd attention to its congenital origin and to the 
frequency with which it appeared in several members of a family. To 
Schultzc must be given the eredit of showing, in 1877, that the disease 
is not related in any way to locomotor ataxia, but is due to a defective 
development of the spinal cord. There is, apparently, a thickened and 
sclerotic tissue in the posterior and lateral columns of the spinal cord. 


Fio. 166. 



Tbe Icsl»n of Friedreich’s hereditary ataxia, HaldeTClopment and sclerosis of the latcntl and 
poatcriur culuiiins, (Schultsc, lashrbk. d. Ncrrcnkr,, TaC It.) 


Pathology. — Fig. 166, which is taken from one of Friedreich’s 
original cases, demonstrates the petmliar appearance of the spinal cord 
in tltis condition. The spinal cord in all of these cases appears unusu- 
ally thin and small, and there is usually a thitskening of the pia mater 
alx>ut it, esiJecially upon the posterior surface. Microscoi)ic examina- 
tion shows the presence of extensive degeneration and the remains of a 
few nerve fibres only in the direct cerebellar tracts, the column of Gow- 
ers, the lateral pyramidal tracts, and in tlie columns of Goll and Burdach. 
The exogenous and endogenous fibres are both involved in the lesion. 
The column of Goll is d^nerated in its entire length and is more com- 
pletely afiected tlian tlie column of Burdach. The root zone of tlie 
column of Burdach and the column of Lissauer often contain very many 
normal <fibres. The direct cerebellar column is afiected as well as the 
pyramidal tract. In the antero-latdral column, Blocq and Marinesco 
have noticed ni diminution in the normal number of fibres. It is evi- 
dent, therefore, that a defective development in all the fibres of the 
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spinal covd is present which is more marked in the posterior than in 
the anterior half. The gray matter of the cord also shows ciiatiges. 
There is an atrophy of the cells in both anterior and posterior horns, 
fewer cells being present than in a normal cord. The (sells of the 
column of Clarke are notably degenerated and are very few in num- 
l)er. Occasionally around the central canal there is a thickening of 
the ependyma and a mass of small round cells. Both posterior and 
anterior nerve roots have been found somewhat atrophied. Wherever 
the nerve fibres are wanting, a thickening of the glia tissue is evident, 
but it is secondary and not primary. All authors agree that the dis- 
ease is due to an arrest of development of the various systems of fibres 
in the. spinal cord. Further investigations are ncciessary to confirm the 
statements of Marchi tliat secondaiy changes in the cerebellum are 
always present. Nonne and Menzel have shown, however, that an 
atrophy due to a defective development of the cerebellum will give 
rise to symptoms almost identical with those of Friedreich’s ataxia. 
These symptoms have been best described by Marie, and it is often 
difficult to differentiate Friedreich’s ataxia from Marie’s form of 
cerebellar atrophy. 

Etiology. — The disease appears in childhood, and is sometimes 
present in several members of the same family; hence it has i)een 
termed hereditary In the cases observed by me, however, but one 
child out of several was affected. It occasionally develops after some 
one of the infectious diseases of childhood, which infection is supposed 
to accelepate an inherent tendency to imperfect growth. In Friedreich’s 
cases alcoholism in the parents was supposed to be the cause. Oppen- 
heim believes that it may be a manifestation of hereditary syphilis. 
It may bo congenital, the children never developing the power to 
stand or. walk. It is usual, however, for the symptoms to make their 
appearauce from the sixth to the eighth year of life, though ciistis are 
on record of as late a development as the sixteenth year. Boys are 
more frequently affected than girls. 

Symptoms. — A slow onset during childhocnl of symptoms which 
are a combination of spastic paraplegia and ataxia is characteristic of 
this disease. As the child learns to walk it is found that he is unsteady 
on his feet and awkward in his gait, l^eing liable to fall, and he stag- 
gers in a manner suggestive of (serebellar disease. He walks slowly 
with little steps, unst(ady, with fe(!t far apart, and some tendency to 
stamp the foot, but the legs are not thrown about to the degree that is 
present in tabes. When the child attempts to stand he sways from 
side to side, the muscles of the legs contract, and the head moves as 
well as the body in the attempts to preserve the balance. Closing the 
eyes increases this unsteadiness. As the ataxia increases a certain 
rigidity of the legs begins to appear, and this is commonly attended 
by a contracture of the posterior tibial group of muscles, causing 
a talipes equinus. This deformity of the foot makes walking still 
more difficult until, little by liltle, the child becomes incapable of 
standing or walking alone. Fig. 167 shows the ordinary appearance 
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of one of these children in standing, and Fig. 168 shows the char- 
acteristic deformity of the foot. When the child is quiet and seated 
constant oscillation of tlic bo<ly and of the head is observed, a symptom 
which prevented the photograph. Fig. 167, from being clear in out- 
line. This is not a chorea-like twitching, because it is slower than the 

movement of chorea, and as effort to keep 
Fro. 107. still increases this oscillation it reminds one 



of tlie intention tremor of disseminated 
stslerosis. The arms are less completely 
affected than the legs, but they share in the 
ataxia and in the intentional tremor, so that 
the child is soon incapacitated from feeding 
himself or dressing himself. 

In the later stages of tlic affection a true 
paralysis may develop in the legs of the type 
of spastic paraplegia, the muscles being so 
contractured and rigid that they cannot be 
voluntarily movefl. 

Early in the disease nystagmus develops. 
It is not present when the eyes arc quiet, 
but Ixjciomes visible on any attempt at turn- 
ing the eyes from side to side. Paralysis of 
the ocular muscles, however, does not occur, 
and there is no tendenesy to optic atrophy. 

A disturbance of speech is commonly pres- 
ent in these children. The speech is slow 
and difficult and indistinct, not unlike the 
speech of disseminated sclerosis. The tongue 
can be protruded, but usually shows-fibrillary 
tremors. 

There is rarely any disturbance of sensi- 
bility in the affetited limbs, and shooting 
})uins are not complained of. Sometimes the 
rigidity of the limbs gives rise to muscular 
pain. The patellar reflex is diminished or 
lost early in the disesise, but the pupil reflex 
remains nornuil. • There is no disturlamce of 
the bladder or rectum. As a rule, the chil- 
dren remain rather infantile in their cerebral 


Friedreich’s hereditary ntaxia. 
The awkward ixmluro and forward 
bending of the budy are iiotiecabic; 
aisu the slight dexion of knees and 
elliows. 


development. It is difficult to give them an 
education, and even when reaching adult life 
they appear to be weak-minded. But this is 
not always the case, though the difficulty of 


s]K‘ech and the rather stupid appearance of 
the face may lead to the supposition that the child is less capable than he 
rcidly'isi The course of the case is a gnulually progressive one. It usu- 
ally appeiirs at the age of six or seven years, rendering the child incapa- 
ble and psiralyzed by the age of fifteen years. It never begins after the 
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age of sixteen years. It is not in itself a fatal affection, and therefore, 
if the children are well cared for they may grow up. They die of some 
intereurreut affection after many yeara of a crippled existence. 

Diagnosis. — The diagnosis of the affection is not difficult on account 
of the characteristic appearance of the symptoms in childhood. As 
children are almost exempt from locomotor ataxia, this is the only affec- 
tiou, excepting multiple ueuritis, that will produce ataxia in children. 


Fig. 168. 



Contrast between the deformed foot In Frledreicb’B ataxia and a normal foot 

There is no difficulty in differentiating it fi*om multiple neuritis on 
account of the history of tlie case. Marie’s cerebellar hereditary ataxia 
presents very similar symptoms, but this develops between the twen- 
tieth and thirtieth years ; it affects the arms ; the patellar tendon reflex 
is preserved. The characteristic contracture and deformity of the finit 
are not present, while, on the other hand, loss of pupil reflex, paralysis 
of the ocular muscles, and optic-nerve atrophy are frefjuently observed. 

The prognosis is unfavorable, and there is no form of treatment 
which is known to arrest the progress of the disease. 


CHAPTER XXI. 

MYELITIS AND MYELOMALACIA. 

Hypenemia and Auiemia of the Spinal Cord. Lesions of Pernicious Anoemia. Acute 
Myelitis. Myelomalacia. Caisson Disease. Chronic Myelitis. 

HTPEEjEMZA AND ANEMIA OF THE SPINAL OOBD. 

While hypenemia of the spinal cord may occur as an accompani- 
ment of a general disease of a febrile character, yet as a primary affec- 
tion it is questionable whether it exists, and it certainly cannot be 
recognized. Older writers, it is true, devoted some consideration to it, 
and ascribed numerous symptoms to a congestion of the spinal cord, 
but these symptoms are better explained at the present time as being 
due to neurasthenia, hysteria, or general affections of a toxic or infec- 
tious nature, and are certainly in no way referable to either arterial or 
venous congestion of the spinal cord. 

Ansemia of the spinal coixl may be said to be equally difficult of 
diagnosis, as it produces absolutely no characteristic symptoms. If an 
ansemia from obstruction in the bloodvessels is sufficiently intense to 
cut off the circulation in the cord, processes of softening ensue which 
can be recognized and which are described under the head of myelo- 
malacia. In conditions of general ansemia, the result of long-con- 
tinued malnutrition of the spinal cord is to produce degenerations of 
variable degree and variable extent throughout the or^n. When these 
are sufficiently intense the symptoms caused aie those of a chronic 
myelitis. It is very remarkable, however, that considerable degrees 
of degeneration have been observed after death in cases of severe 
ansemia when, during life, very few symptoms referable to the spinal 
cord have been observed. We may therefore say that both in acute 
and chronic ansemia of the spinal coixl it is impossible to make a 
diagnosis of the condition ; we can only sns[>ect their presence. 

PEBNIOIOnS ANiEMlA AND ITS EFFECTS ON THE SPINAL OOBD. 

There are some very marked changes producsed in the nervous sys- 
tem by a state of pernicious ansemia,* and although these changes when 
they are slight may not produce symptoms, it is as a rule possible to 
detect in these ca.ses evidence of disease of tlie spinal cord. 

Pathology. — A diffuse sclerosis has been found in all the cases 
reported. This is not limited to any one system of fibres, but involves 

’Frank Billings, The Shattuck Lecture, 1902. Pntnam and Taylor, Journal of 
Nervous and Mental Disease, 1901, vol. xxviii, pp. 1 and 74. 
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any or all of the white columns. As u rule it is more intense in tlie 
jwsterior columns, and more marked in the cervical and upjier dorsal 


Fig. 169. 



Ot6nise sclerosis of the cerrical region In pcrnleious ansnila. (Billings.) 


segments of the eoi’d than elsewhere; but the lateral and anterior 
columns do not escape, and the entire length of the eord may bo affected. 
Figs. 169 to 171 demonstrate the lesion in cases reported by Billings. 


Fig. 170. 



Diffuse sclerosis of the cord in pernicious ansemla, (Billings,) 


The sclerosis is not always diffuse, but may occur in focal areas not 
symmetrically distributed. It resembles multiple sclerosis in not caus- 
ing secondary d^nerations in the various tracts. Thus in the case 
shown in Fig. 1 70, where the lateral pyramidal tracts were sclerotic 
in the upper dorsal region, they escaped in the lumbar region. (Fig. 
171.) This is due to the fact that in some cases there is a degenera- 
tion in the myelin only, the axone being unaffected. The gray matter 
of the cord is not usually involved. Some pigmentation of the neurone 
bodies has been seen, but chromatolysis and degeneration have not been 
found. The posterior ganglia also escaiie degeneration. 


394 


MYELITIS AND MYELOMALACIA. 


Sjrmptoms. — Tlie general symptoms of pernicious anaemia precede 
the nervous symptoms for several months. The patients complain first 
of numbness in the legs and arms, attended by a girdle sensation and 
a slight loss of sensation. Imperfect control of the bladder and rectum 
follows, sexual power is impaired, and the limbs become weak, and 
reflexes are lost. Then a general paralysis develops, with some emacia- 
tion, but without atrophy or electrical changes in the muscles. Some- 


Fia. 171. 



Sclerosis of the posterior columns of the cord in pernicious ansemia. (Billings.) 

times an ataxic gait precedes the paralysis ; sometimes the gait is s^mstic 
rather than ataxic. The coui'se of the disease is slow, with marked 
remissions in the symptoms. In lighter cases, in which the disease has 
been arrested, all the nervous manifestations may subside. In severe 
east's the patients btKiome paralyml before the disease terminates fatally. 
The diagnosis is to be made from the examination of the blood. 

Treatment. — The treatment must be directed to the underlying 
condition of pernicious anaemia, by food, tonics, and the use of bone- 
marrow and of arsenic. This is not often successful, and tlie percent- 
age of recovery from pernicious anaemia is below twenty. The exact 
nature of the disease is as yet undetermined. 

MYELITIS. 

Myelitis is a difltise inflammation of the spinal cord. It may be 
acute, subacute, or chronic. It may be limited to one or to two aidja- 
ccut segments, and then it is called transverae myelitis. It may be 
more extensive and effect various levels, and then it is called dissemi- 
nated myelitis. It may progress either upward or downwaral from its 
starting point, and then it is called ascending or descending myelitis. 
It results in a destruction of the spinal elements. 

Myelomalacia is a condition of necrosis of the spind cord due to 
embolism or thrombosis of the spinal arteries. It, too, results in a dc- 
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struction of the spinal elements. The symptoms of the two affections 
so closely resemble each other that they may be studied together. 

In former years myelitis was supposed to l)e a common disease and 
occupied much space in text-books. But as the spinal-cord affections, one 
after another, liave been carefully differentiated, and as the knowledge of 
multiple neuritis in its various forms has grown, it has be(!ome evident 
that many cases formerly considered myelitis were actually of a different 
nature. My own experience leads me to regard myel itis as a rare affecftion. 

Etiology. — Myelitis is, in the majority of cases, an acute infectious 
disease. It may be the only manifestation of infection, altiiough its 
bacillus still remains undiscovered. It is often secondary to some 
other infectious disease. 

The site of this infection may be a cutaneous or mucous surface 
which is open to the admission of germs. Thus Auclie and Hobbs, 
Marinesco and Octtinger, Roger and Damaschino, Westphal and Ley- 
den, have seen cases of myelitis following smallpox j Strumjiell has 
observed a case of myelitis following a felon ; Hochhouse has published 
a case of myelitis following tonsillitis ; Ebstein, Hochman, Ijjiveran, 
Schiff, and others have observed a myelitis following typhoid fever ; 
Roger and Damaschino, Laveran, Hoffman, Babes, and Happel have 
observed myelitis following dysentery; Gull, Leyden, Ullnwu, Ray- 
mond, and Hayman have seen cases following gonorrheea ; Geoffrey 
and Achard, Bcttheim and Foerstner have seen cases following pneu- 
monia; Laveran, Leyden, Evan, Bal)es, and Varnalli have seen cjises 
following malaria and grippe ; Hochhouse has publishe<l a case follow- 
ing cystitis and pyelonephritis; Oppenheim one following abscess of 
the antrum and one following endocarditis. All forma of meningitis, 
both the epidemic cerebro-spinal meningitis, tuberculous meningitis, 
and purulent meningitis, may be followed by myelitis, either hKailized 
or general ; and after wounds of the cord or operations upon the cord 
that are not a.scptic, access of microbes direcitly to the organ may cause 
myelitis. It is thought that occasionally the access of gtirms to the 
cord may be along the track of nerve trunks when a puinlent neuritis 
is followed by an ascending neuritis and myelitis. Cases of this kind 
are rare and require further invc.stigation. I have never seen such a 
ctise. The poison of rabies may cause an infections myelitis. Muller * 
has collected thirty-six cases following inoculations against rabies by 
the Pasteur method. 

Cases are upon record in which myelitis of an acute type has 
developed subsequently to an exposure to cold. Thus Schidtsc has 
described a case of a young man, otherwise in perfect healtli, who 
developed an acute myelitis after travelling in a very cold railway ear 
for several hours, and another case developing in a young man who 
hunted upon a very cold day for several hours. As already stated 
elsewhere, it is probable that such exposure to cold results in a lowered 
resisting power of the organs to the invasion of bacteria already present 
within the body and capable of setting up an inflammatory prrrcess in 

>Deut. Arch, fur Nerv., April, 1908. 



any organ whose circulatory condition is materially altered. The same 
V lowering of vitality may account for the successful attack by the bac- 
teria upon the spinal cord after blows, injuries, or falls. 

The class of the community most often exposed to the disease is the 
class of active workers — j^rters, lon^hpremen, those who are accus- 
, tomed to lifting heavy weights or doing heavy work, and tliose who 
are upon their feet a great deal — also soldiers who are subject to long 
marches. Overexertion is an admitted cause. A great strain may be 
followed either by hemorrhage or by acute myelitis. Thus in a case 
of my own the effort made by a porter in lifting a heavy box resulted 
in a sudden attack of transverse myelitis attended by hemorrhage, as 
the autopsy demonstrated. Falls and blows upon the back are said to 
be responsible for some cases of myelitis. When these produce hemor- 
rhage the symptoms resulting may be those of a transverse or dissemi- 
nate lesion, but an acute inflammatory process is rarely set up by this 
cause. A low grade of chronic myelitis is known to follow railway 
injuries and other severe injuries of the spine, but cases of an acute 
inflammatory myelitis have not been observed. A certain number of 
cases of acute myelitis develop after confinement. Whether these are 
due to infection by way of the uterus, or whether they are due to 
ansemia of the cord consequent upon hemorrhage, or whether they are 
due to a slowly acting venous congestion due to general enfceblement, 
has not been determined. Syphilis is a common cause of acute myelitis. 
If the cord is not affected by gummy exudations in the membranes ot 
syphilitic deposits within the cord itself, syphilitic changes in the blood- 
vessels with obliterating endarteritis and consequent thrombosis of the 
finer vessels of the cord is the method by which the disease attacks this 
organ. The form of disease described by Erb as syphilitic spastic 
paralysis has been found to be a chronic myelomalacia of the lower 
dorsal region due to endarteritis with secondary degeneration.' In 
some forms of poisoning, notably by lead, mercury, phosphorus, and 
occasionally alcohol, disseminated foci of myelitis have been discovered, 
as well as multiple neuritis, and this has led to the supposition that 
the cord may be directly affected by toxins and toxic agents. That 
certain agents have a selective action upon the spinal cord is evident 
from our knowledge of the action of strychnine, which excites its activity, 
and of the coal-tar products and bromjde and chloral, which diminish 
its activity. It is not impossible that the general feebleness and tramor 
occasionally seen in chronic bromide poisoning is due to defective nutri- 
tion of the spinal cord. 

Males are affected more frequently than females by acute myelitis 
and by myelomalacia. This is b^use they are more commonly 
exposed to th^ usual causes of the;^eotion. While no age is exempt, 
the majority of the cases occur the ages of twenty-five and 

forty-five years. 

' ‘ ' patholc^cal chai^tife in acute myelitis have been 

bi^ describ^ by Murinesco.* The locafipn of the lesion piay be limited 
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Acute Myelitis, Infiltrating Form. (Schmaus.) 
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to one or two segments of the cord, under which circumstances one of 
the symptomatic types of transverse myelitis is produced, or the lesion 
may be disseminated through the various segments of the cord, normal 
tissue intervening between the inflammatory foci, when the clinical 
aspect is that of disseminated myelitis. The lesion may be diffuse 
with a tendency to extend from one segment to another, either upward 
or downward, or in both directions simultaneously, in which case tlie 
clinical picture is that of general myelitis or of an ascending or de- 
sccmling myelitis. 

The gross appearance of the cord is not altered in these conditions, 
though palpation may reveal certain portions opposite tlie lesion which 
are softened to the touch. On cutting the cord across at these softened 
regions it swells up at the point of section, presenting a semiflnid, 
creamy consistency, all differentiation between gray and white matter 
lieing obliterated, and the mass being either white and yellow from the 
admixture of pus, or red from the admixture of blood. When the dis- 
integration has not been so extreme the cross-section shows .an irregu- 
larity of the demarcation between gray and white matter, points of 
congestion, and irregular plaques of yellowish or reddish color, as 
evidence of infiltration of the cord with inflammatory corpuscles. In 
other cases plaques here and there of a whitisli-ycllow color indicate 
the formation of connective tissue as the result of a process which has 
fully run its course. The microscopic appearance of a section of the 
cord in the lesion of myelitis is shown in Figs. 172 to 175. Fig. 172 
shows a condition of acute hemorrhagic myelitis, the same appearance 
shown here being visible at all the segments of the cord. 

The vessels of the cord are enormously congested everywhere, and 
around the vessel walls emigrated leucocytes and small nuclei or round 
cells are present. Bacteria are to be seen by appropriate steining, 
many lying loose in the tissue, having come from the bloodvessels ; 
others' incased in leucocytes. The intense congestion is attended by 
rupture of tire vessels, and small hemorrhages are evident throughout 
the inflamed tissue. Such hemorrhages are probably the result of de- 
structive changes in the vessel walls produced by die bacteria. The 
infiltration of the cord by leucocytes is most extensive. (Fig. 173.) 
They collect particularly aliout the cells of the anterior horns of the 
cord. (Fig. 174.) The cells of the cord tliemsclves are swollen and 
undeigo various forms of degeneration with or without vacuolissation, 
and general disintegration and destruction both of the cell Ixidy and 
of the dendrites and axones. (Plate XIX.) The nerve fibres are 
everywhere compressed by the products of exudation, and such com- 
pression results in a degeneration. The ipyelin sheath of the nerve 
fibre may be directly attacked by the leucocytes and disintegrate, form- 
ing fatty globules. The axis cylinder is very frequently swollen to 
several times its normal diameter by the imbibition of fluids. As a 
result of this long-continued tume&ction, there is a distention of the 
interstitial framework, and when the cylinders are subsequently dis- 
integrated, degenerated, and absorbed, this enlarged sheath is left as 
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a cavity, giving the cribriform or Swiss chcese-likc appearance to the 
cross-section of the cord. 

At the same time there is a very great change in the neuroglia cells. 
They become swollen, are increased in numl)er, show karyokinetic 
figures, and produce a new structure of neuroglia within the spinal 
cord. Such mxlulcs of neuroglia are frequently crowded with microbes. 
Mariues(!0 considers that this reaction of the neuroglia ciells is 
primary and produced by the irritation of the mieroWs. It thus 
differs fnnn the secondary sclerosis that follows upon the destnic- 
tion of the nerve cells and fibres, and which is a replaccmen hyper- 

Fia. 172. 



Acute lufcctlous niyclltia with multiple hcuiarrhages,and hemorrhagic inOltratton. Caac waa fatal 
In twelve daf 8. Entire cord was affected. (Larkin.) 


plasia. The change in the neiwe cell following the swelling of the cell 
is a pallor of its chromatt^phile elements and a chromatolysis with dis- 
integration of the achromatic substance and gradual mutilation of tlie 
cell IxKly. Granular bodies as well as very numerous fine nuclear cells 
are found infiltnited tliroughout the gray and white matter. Many of 
these cells are supposed to be phagocytes in process of destroying the 
myelin and tlie axis cylinders. The tendency of these phagocytes to 
invade and destroy both neurones and fibres of the nervous tissue has 
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led Marinesco to name them “neuronophages.” He believes that 
many of them come from proliferated neuroglia cells. Various bac- 
teria which have been found in the spinal cord, j)roduciug this infec- 
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Aciite tranverae myelitia In dnnni region, due to the preteneo of bncilliia coll and etroptococcl. 
The white colunina arc infiltrated and in a atalc of acute Inllaiiimation, (Marlncaco, International 
Medical C'ongreaa, Paris, 1900.) 
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Motor neurone bodf of spinal cord Trom a caw of experimental myclitia produced by streptococci. 
The cell is invaded by leucocytes, within which the streptococci are visible. (Marinesco, International 
Medical Congress, Paris, 1900.) 
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tious myelitis, are the streptococcus, the white staphylococcus, the 
yellow staphylococcus, the pneumococcus, and a special diplococcus. 

The result of such a disintegration and inflammation of the spinal 
cord may be its total destruction, changing it into a softened masd, 
purulent in character. This is the condition in the rapidly fatal cases. 
In other cases the destructive process is less complete, the inflammatory 
conditions gradually subside, and there is left a mass of scar tissue, 
plaques of neuroglia nqdacing the nerve elements that have been 


Fig. 175. 



Acute Infectious roenlngo-tuycUtls with exudation In the pia arachnoid and hemorrhages in the 
gray matter chiefly. Death in 10 days. ICntire cord involved. (Ijarkin.) 

destroyed. Any true regeneration of these nervous elements in the 
spinal cord appears to be impossible when the inflammation has gone 
beyond a certain point. It is true tliat the cells if not seriously dam- 
aged may resume their function, but when nerve fibres within the spinal 
cord have been disintegrated no regeneration appears to be possible, 
and hence permanent damage to the cord is always the result of an 
acute myelitis. A complicating meningitis is not infrequently found in 
infectious myelitis. 

There are many cases of acute myelitis iu which careful investigation 
fails to reveal the presence of microbes. ' It is possible, first, that the 
midiji|||^ iiave been present and have set up an inflammatory process 
^ty^c subsequently disappeared from the foci of inflammation, a 
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condition which is known to occur in other organs ; or, secondly, that 
the inflanunatory process is set up by toxic agents in the blood or toxins 
and not by the direct presence of bacteria. That the spinal c»>rd can 
be attack^ by toxins is evident from the changes tliat have been 
demonstrated in it in cases of alcohol, arsenic, and lead poisoning (see 
page 209) following diphtheria, after poisoning by ergot, by lathyrus, 
and by strychnine. Similar changes without bacterial influence result 
from trauma and are described in the chapter upon Injuries of the 
Spinal Cord. 

MTELOICALAOIA. 

Myelomalacia or softening of the spinal cord is a lesion resulting 
from embolism or thrombosis in the arteries or veins of the spinal cord. 
Such a softening may be red when accomjmnicd by a transudation of 
blood cells or by minute hemorrliages, or white when the condition has 
been one of simple death of the tissue, or it may be yellow if the process 
is not observed until after a fatty degeneration of the d6bris and of the 
neuroglia elements has ensued. Microscopic examination shows a mass 
of d6bri8, cells, and fibres in a state of disintegration, balls of myelin, 
swollen or small granular bits of axoncs, drops of fat, and red blood 
globules. 

In all of these conditions the neuroglia presents a state of hyper- 
plasia with nuclear formations which may be eitlier primary or secon- 
dary. If the patient lives and the products of disintegmtiou are 
absorbed their place is taken by new connective tissue, leaving in the 
place of the nervous tissue masses or piitches of sclerosis. Tlie initial 
lesion, as well as tlic sclerotic piiteh which is its result, is irregular in 
outline and very variable in extent, the conditions Iwing such as to 
prevent any strict limitation of the softening in any direction, as has 
been particularly shown by Obersteiner and liedlich.' The result of 
a diminution in the blood supply of the spinal cord, of a suspension 
of nutrition consequent either upon ischsemia, or ujam inflammatory 
conditions, is a parenchymatous degeneration of the neurones and of 
their branches in the region affected; hence the changes tluit are 
characteristic of myelomalaciia may bo present in the vicinity of fwa 
of acute myelitis. In these conditions the nerve cells are much 
swollen and disintegrated, the nerve fibres are very much swollen, 
producing distention of their sheaths and the cribriform appearancie in 
the white matter of tlie spinal cord already described. This condition 
should be considered as a necrosis rather than as an acute inflammation, 
but its result is the production of scar tissue of the nature of neur«>glia, 
and hence the terminal state cannot be differentiated from the terminal 
state produced by acute myelitis. Sometimes, however, when such a 
scar is distinctly wedge-shaped with base toward the periphery it will 
indicate tliat the origin of the trouble was an obstruction in a vessel 
entering the cord from the surface. Marger® has demonstrated that 

‘ Handbuch der prakt. Med. Ebstein and Schwallje, 1900, 

26 ’ Ueber Myelitis Acuta, Obersteiner’s Arbeiten, 1900. 
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out of seven cases of supposed acute myelitis six were cases of pure 
necrosis, and Douglas Singer' has found ^is to have been the condition 
in seventeen out of nineteen cases examined by him. The chief 
pathological distinction between this form and the one already described 
consists in the absence of any emigration of leucocytes about the 
bloodvessels. 

Ill nuiny cases eliangcs in the walls of the bloodvessels, thickening 
of the intima, or an infiltration of the adventitia, or a true endarteritis 
obliterans, with diminution of the lumen of the vessel and the forma- 
tion of thrombi within it, liave been observed. Mai^r believes that 
the spinal cord is particularly liable to the formation of necrobiotic 
spots on account of the peculiarity of its circulation and the defective 
anastomosis between the branches of the bloodvessels entering by the 
anterior fissure and those entering from the periphery of the cord. It 
would seem as erroneous to call these changes of myelomalacia myelitis 
as it would to name the corresponding cliangcs that occur in the brain 
after embolic and throm}>otic softening cerebritis. In the disease 
clinically described as myelitis we therefore include cases of myelo- 
malacia or pure softening of tlic spinal tissue, which, when they do not 
cause death, go on to the formation of sclerotic patchy in the spinal 
cord. (Plate XX.) 

Inasmuch as the spinal cord does not appear to be pirticularly sus- 
ceptible to attacks of bacteria, as is shown by the rarity of myelitis 
as a complication of the infectious diseases, it seems probable that the 
majority of the cases of so-called acute myelitis are really of vascu- 
lar origin. Whether a clinical distinction can be reached between 
these two types on account of the development in the infectious type 
of a marked febrile invasion with symptoms of an acute infection and 
leucocytosis, which are wholly absent in tlie second type, is a matter 
for further investigation. But tlie facts already cited in regard to two 
separate and distinct modes of invasion in poliomyelitis would point to 
the possibility of a similar distinction in cases of acute myelitis. And 
the much greater frequency of lesions in the brain depending upon 
vascular clmnges and vascular disease gives certain grounds for the 
hypothesis that lesions of the spinal cord hitherto thought to be in- 
flammatory in nature are actually secondary to vascular disease. This 
fact, first pointed out with much force by li. T. Williamson,* has been 
substantiated by many subsequent writers, and is now generally 
accepted. 

The so-called spinal spastic paralysis of syphilitic origin described 
by Erb and known as spinal syphilitic paraplegia is really a myelo- 
malacia (^j^e mid-doraal r^ion of the cord due to endarteritis 
obliteran^ra syphilitic origin and followed by secondary degenerations. 
This is admitt^ by Erb in a recent review of the subject* from a 
study of the pathology of a number of cases. 

^ DoiiglaR BinMr, Brain, 1902. 

* Manuhester Medical Chronicle, 1895. 

• Lancet, October 13, 1902. 
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Secondary Degenerations. — When, in transverse myelitis or in 
softening or injury of the spinal cord, destruction of the nerve fibres 
passing through the segment affected occurs, these fibres are necessarily 
cut off from their connection witli their cell bodies. And inasmuch as 
such a severance of connection is always followed by a degeneration 
from the point of injury to the peripheral termination of the fibre, it 
follows that, as a result of a limit^ transverse lesion in the cord, 
extensive secondary degenerations are produced. These degenerations 
begin within twenty-four hours of the original lesion, and go on pro- 
gressively for six or eight weeks until the nerve fibres are ccwnpletely 
broken down. As a result of this degeneration both the axoue and 
the myelin about it arc disintegrated and finally liquefied and absorbed. 
Hand-iu-liaud with this progressive degeneration of tlie fibres tliere 
occurs a compensatory thickening of the neuroglia, forming a frame- 
work about the fibres, and hence as the terminal lesion of such secon- 
dary degenerations we have sclerotic conditions in the cord, of greater 
or less extent, according to the greater or less extent of the fibres 
originally degenerated. (See Plate XXI.) 

Below the lesion such degeneration is termed descending degenera- 
tion, because it affeeits the fibres whose neurone bodies lie at or above 
the transverse lesion. Such descending degeneration is very extensive 
near to the lesion, inasmuch as there are descending fibres in all the 
various columns of the spinal cord. (Plate XXI., D. VIII.) At 
a distance of several segments below the lesion the descending degenera- 
tion is more closely limited to the long-descending columns of the cord. 
It is then manifest chiefly in the anterior median and in the lateral 
pyramidal tracts which contsiin the long motor fibres from the brain 
to the anterior horns of the cord. (Plate XXI., D. XI.) There 
are descending degenerations also evident for several segments in the 
anterior and antero-kiteral columns, these degenerating fibres being in 
the association tracts of the cord. (See page 47.) In the columns 
of Burdach there is also a small area of degeneration, the comma- 
8ha{)ed column of Schultze, which degenerates downward for three or 
four segments. (Plate XXI., D. X.) This column contains fibres 
of the posterior nerve roots which turn downward after the entrance 
into the cord and terminate in the gray matter of the third or fourth 
segment' below their entrance. In tlie column of Goll, adjacent to the 
commissure, lie a few fibres which degenerate downward for a short 
distance after a transverse lesion. If the transverse lesion is in the 
lumbar or upper sacral region there is a descending degeneration in the 
septomarginal tract — oval field of Flechsig. (Plate XXI., S. III.) 

Ascending degeneration after a transverse lesion is found in the 
anterior and antero-lateral columns of the cord for a short distance, 
the association fibres whose neurone bodies lie in the parts below the 
lesion degenerating upward. The column of Burdach is very con- 
siderably degenerated above the level of the lesion, and the fibres of 
the posterior nerves, which come into the damaged segment, degenerate 
upward together with other fibres that have entered the coi^ below the 
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level of the lesion, but have not yet terminated in the posterior horns. 
But as normal posterior nerve roots enter the colunm of Burdach at 
levels above the lesion, tlic area of ascending degeneration in this 
column becomes more and more limited as higher levels are examined. 
The column of Goll dtigeneratos upward in its entire length after a 
transverse lesion of the cord, but flie extent of this degeneration in 
any single segment will depend upon the level of the transverse lesion. 
It will be remembered that the column of Goll contains all the fibres 
from the sacral, lumbar, and mid-tlorsid segments of tlie cord that pass 
upward to the medulla. The higher the level of the lesion in the 
cord the greater the extent of the degeneration in the column of Goll. 
Figs. 28 and 29 show the varying extent of secondary degenerations 
after transverse lesions at difterent levels. The direct cerebellar 
column degenerates upward after a transverse lesion of the cord. 
Such ascending degeneration is not evident, however, if the lesion lies 
in the lumbar or Siicral region, inasmuch as this column begins at the 
first lumbar segment. The higher tlie level of the lesion the greater 
the area of degeneration in this column. The column of Gowers 
(antero-lateral ascending tract) degenerates upward in its entire length 
after a transverse lesion of tlie cord, and the area of this degeneration 
is greater the higher the lev'el of the transverse lesion. These de- 
generations are well shown by the Marchi stain in Plate XXI. 

Setiondary degeneration occurs after compression or lesion of the 
cord at a single segment from whatever cause ; thus, the compression 
of the cord by tumors, or by caries of the spinal column, or injuries 
of the cord by fracture of the spine, or by hemorrhages outside or 
within the cortl, or by wounds of the cord are followed by these 
secondary degenerations. 

S3rmptoms. — The symptoms occurring in myelitis and myeloma- 
lacia dejiend chiefly upon the location of the lesion. Two kinds of 
symptoms develop which can be sharply diflerentiated from one another. 
The first class of symptoms may lie termed direct symptoms, and are 
due to destrucitioii of the elements of the spinal cord at the ixiint of 
lesion. These consist of (a) paralysis, atrophy, and reaction of degen- 
eration in the muscles which are suppliwl by the cells of the anterior 
horns destroyed ; (b) loss of tlie reflex action controlled by the scigmeut 
which is affected ; (c) panesthesia and antesthesia in the area of skin 
related to the segment whiesh is destroyed. The region of ausesthesia, 
as outlined upon the body of the patient when compared with Plate 
pige 44, is the best guide to the exact level of the lesion. 
There may lie a condition of hypcrjieslhesia just above the level of 
anaesthesia corresponding to the two segments of the cord just above 
the level of the lesion. There is usually pain, and tendeniess to pres- 
sure in the biick. Hot applications arc painful opposite the segment 
of the cord which is invadecl. This is due to the hypersensitive con- 
dition of the segments just above the lesion. 

The seepnd class of symptoms may be termed indirect symptoms, 
and arc pr^uced by the cutting off of impulses to and from the parts 
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of the cord below the point of injury. It will be remembered that the 
cord transmits many impulses upward and downward to and from the 
brain. In transverse myelitis the tracts conveying these impulses are 
damaged ; hence a certain number of symptoms develop, due to inter- 
ruption of the motor tracts to the parts below the lesion and to inter- 
ruption of the sensory tracts from the parts below the lesion. These 
indirect symptoms are associateil with the secondary degenerations 
already mentioned as a result of tlie lesion. Such indirect symptoms 
are (a) motor, consisting of paralysis of voluntary motion in the legs 
with an increase of muscular tone in the paralyzetl muscles. These 
become rigid, have a tendency to contraction, and produese spasms and 
contractures, with deformities in the joints. Such paralyzed muscles 
are not atrophied and have no reaction of degeneration ; (6) the reflexes 
are markedly increased in the ptirts below the lesion, so that an exag- 
gerated knee-jerk, a crossed adductor reflex (tapping on the knee of 
one side produces adduction of the opposite thigh), ankle clonus, and 
Babinski’s reflex are present ; (o) there is a loss of the control of the 
bladder and rectum, attended by retention of urine and involuntary 
evacuations of the bowel ; (d) sensations in the parts below the level 
of the lesion arc uniformly im{)aircd in all qualities : touch, tempera- 
ture, pain, and the muscular sense being affected ; (c) trophic symp- 
toms, esiM!cially bedsores over the sacrum, trochanters, and heels and 
ankles. These develop early, on account of venous congestion in the 
skin, intensified by t(X) long-continued pressure, the position not being 
(ihanged and the skin being irritated by fine particles of dirt or infected 
through small abrasions ; they often Ixicome extensive and deep, secrete 
an ichoreus, offensive discharge, expose the bone, which becomes ne- 
crotic, and cause a giuieral septic condition which may lie fatal ; cystitis 
is usually to be siscribed to infection from dirty <^thetcrs or by an 
ascending urethritis, and is rarely, if ever, a trophic lesion of the blad- 
der ; (/) vasomotor disturbances, consisting of blueness and coldness 
of tbe skin, distention of tlie veins, and increase of sweat. The sweat 
may be offensive. 

The onset of these symptoms may be sudden, or they may develop 
gradually in the course of a week or ten days. In tlie acute cases, 
which come on within a few hours, the prolmblc condition is one of 
myelomalacia or a primary vascular lesion. In the subacute cases, 
which develop more slowly, an infectious or inflammatory origin is 
more likely. The occurrence of a rise of temperature and marked 
febrile symptoms point to the latter condition. 

The course of the case is a slow one, and the gradual recovery from 
the severe paralysis to the state of partial incapacity takes several 
months or years. The patients are said to be in a state of ehronic 
myelitis during their life of invalidism. Occasionally in the lighter 
cases complete recovery ensues. . But the damage to the cord, if serious, 
cannot be repaired, and hence no complete or permanent recovery is 
possible. On the other hand, if the causes of death, which are cystitis, 
inflammation of the rectum, sepsis from bed-sores, and pneumonia, can 
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be avoided by care and attention to the patient, the prospect of recovery 
from the attack is good. A permanent condition of chronic myelitis, 
the result of secondary degenerations, remains for the rest of the 
patient’s life, and this is manifest by a greater or less degree of spastic 
{Hiraplcgia in which the limbs are stiff, the knees overlap in walking, 
there is trepidation of the feet when the weight rests on tlie ball of the 
foot; there are spasmodic contractions and cramps in tlio legs, there is 
more or less loss of sensibility in the limbs, and an inactivity of the 
bladder and rectum, so that the catheter has to be used regularly and 
the rectum washed out regularly. Hence a state of invalidism remains, 
from which, however, the piitieuts do not die unless some complication 
arises. The chief danger to which they are subject is an infection by 
the aitheter, con8<*qucnt cystitis, pyelonephritis, and urseraia. 

These various symptoms of myelitis ocicur in varying combinations. 
The most common type is transverse dorsal myelitis, of which the fol- 
lowing case is a fair example and demonstrates the course of the disease 
as well as the various symptoms which appear. 

Male, aged filty-six years, of good habits, not syphilitic and per- 
fectly healthy, after a long walk perceived sensations of numbness 
and tingling in the feet and legs as high as the knees. Instead of 
resting, he attempted by further walking to wear off this numbness, 
but before he had proceeded one-half a mile was conscious of great 
weakness in the feet and legs, and within one-half hour wa.s con- 
siderably parsdyzed, so as to be unable to stand. The paralysis was 
total iu the legs below the knees. It was impossible to pull the knees 
up in bed, though they could be extended and slightly adducted. 
Witliin two hours all sensation was lost up to the level of an inch 
below the umbilicus, and at this point a distinct girdle sensation was 
perticived. Examination showed loss of sense of touch, tem|K!rature, 
and pain up to this level, and for two inches above this level a con- 
dition of extreme hyperaesthesia to touch, pain, and temperature. The 
muscular sense was not lost in the legs, and all changes of position 
in the feet and toes was acutely perceived. Retention of urine was 
present, and there were no sensations in the rectum and no control 
over its action. There were no symptoms above the level of the um- 
bili(!us. There was no fever. This condition remained stationary for 
about four months, during which time, by care in the emptying of the 
bladder and of the rectum, and by frequent change in the position of 
the patient in l)ed, complicating cystitis, proctitis, and bed-sores, which 
were constantly threatened, were avoided. The piitient then btigan to 
recover slightly the power in the legs, but was much troubled by 
twitching of the muscles and sudden spasmodic contractions of the 
legs, sonietimtis in the form of flexion of the knees, sometimes in the 
fonn of extension of the foot. The jjaralyzed muscles did not atrophy, 
and the <‘lectri<jjil reaction remained normal. Knee-jerks, which were 
completely lost during the first week, then rtstumed and gradually 
became exji^j^rated, and after two weeks ankle clonus, Babinski’s 
reflex, and crossed reflex of the knees appeared and have continued. 
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A gradual progressive recovery of power and of sensation ensued 
during the following two years, but was attended by an increasing 
rigidity of the legs. His sexual power returned. A stationary con- 
dition has remained for four years in which the patient has a spastic 
rigidity of both legs, and, though able to walk, docs so with stiiFuoss 
and great effort with the aid of two canes, there being tendency of the 
knees to overlap, a dragging of the feet, and a frajuent trepidation of 
the foot when the weight hap|)ens to rest upon the ball of the toe. It 
is impossible for him to rise from the chair or to sit down without 
assistance. There hius never been a return of the control of the 
bladder and rectum, there being retention of urine, whicili is relieved 
by the catheter. Sensations have returned in the previously antesthetic 
area, but are by no means as keen as in the hands and arms. The 
girdle sensation remained for two years and then subsided. There is 
no longer a zone of hypersesthesia. 

It is evident from this case that there was an acute onset, then a 
stationary pt;riod lasting several months, and then a gradual improve- 
ment, which progressed for six years, leaving the man at the end of 
that time in a stationary condition from which no recovery is likely. 
The level of the lesion was the tenth dorsal segment, as was shown by 
the level of the ansesthesia. Imismuch as the functions of the tenth 
dorsal segment of the cord are very few, the direct symptoms in this 
case were quite subordinate to the indirect symptoms due to a cutting 
off of the tracts passing through this segment. 

I have seen a case in which a rapidly advancing transverse myelitis 
at the sixth dorsal segment left the patient totally paralyzed and abso- 
lutely anaesthetic below this level. This condition had been present 
four years when I ssiw him, and during all this time bed-sores ha«l l)een 
prevented by having him turned in bed every lialf-hour day and night. 
The pressure of his body weight caused a redness, followed by cyanosis 
in the skin, which would surely have gone on to a bed-sore had tiiis 
change of posture not been made. In this patient, although all sensa- 
tion was abolished below the level of the eighth intercostal nerve, any 
irritation of the skin in the anaesthetic region produced a sensation 
which was referred to the skin in the hyperaesthetic band at the level 
of the sixth intercostal nerve. Such erroneous hxsition of sensiitions 
I have observed in several cases of myelitis, but have not seen it 
described. 

Transverse lumbar myelitis is the next most common form of mye- 
litis, and here the lesion may be limited to the lumbar segments or may 
involve both lumbar and sacral segments of the spinal cord. As an 
example, the following case may be cited : 

Male, aged sixty years, of fairly good habits and without any ascer- 
tainable cause, was suddenly attacked by a tingling and numbness in 
the legs as high as the kness and in the glutefil region. This numb- 
ness was followed in the course of twenty-four hours by a condition of 
marked weakness in the feet and legs, with drop-foot and with reten- 
tion of urine and inability to control the rectum. He had considerable 
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dull pain in the back over the sacrum and down the back of the tliighs 
and legs. Within four hours of the onset he was completely unable to 
move his legs in bed in any direction, though when the knees were 
pulled up slight adductor movements of the thighs could be pn)duccd 
voluntarily. An extensive area of ansesthesia was found in the legs 
and in the back and outer part of the thighs, but a funnel-shaped zone 
on the front of the thigh was found hypersensitive rather than anaes- 
thetic, and there was no disturbance of sensation above the level of 
Poupart’s ligament in front. The knee-jerks were lost, the muscles 
that were pandyzed in the legs were flaccid, soft, and soon began to 
atrophy, later on showing partial reaction of degeneration. He had a 
slight fever, the temj)crature varying from 99.6° to 101° F. for six 
(lays, when it became normal. At the end of two wetiks all the symp- 
toms began slowly to improve. In the course of three months he had 
begun to move his limbs, though by this time they were markedly 
atrophied. He had developed a cystitis due to imperfect catheteriza- 
tion, and was still unable to control the action of his rectum. The 
anaesthesia, though present, was markedly diminished in intensity, and 
there was no point upon the limbs where sensations of touch and pain 
could not be located. A subjective difference, however, between the 
sensations of touch, temperature, and pain, as felt in the legs and hands, 
was present. During the following three months the improvement 
gradually went on, and seven moutlis after the onset he was able to 
walk with a cane, but was still unable to go up and down stairs. He 
could rise from a chair by the aid of his hands, but in walking there 
was a marked weakness of all tlie musdes and a tendency to drop- 
foot. Numbness was present over the and back of tlie thighs, and 
it was still necessary to use a catheter. This condition has jK^rsisted 
for the past five yejirs, the l^s being weak, thin, and somewhat insen- 
sitive. The knee-jerks have never returned, and the action of the 
bladder has still to be assisted. He is impotent. The entire lumbo- 
sacral enlaigement up to the second lumbar segment was evidently 
diseased, but the lesion was nowhere so completely destractive as to 
suspend motor and sensory functions. 

I have seen a similar case, developing after a confinement that had 
been attended by profuse hemorrhage but no apjiarcnt sepsis. This 
patient went on slowly to complete recovery in six months. 

When the cervical region of the cord is invaded by transverse 
myelitis the direct symptoms appear in the arms and hands, the hands 
and arms below the elbow being affected if the lesion is in the lower 
part of the cervical region, and the arms and shoulders if the lesion is 
as high as the fifth cervical segment. A rapid onset of total paralysis 
with ansesthesia and reaction of dt^neration in the muscles affected 
and loss of their reflex activity occurs, the ansesthesia on the body, 
however, being often lower down than might be expected in a cervical 
lesion of the cord. Thus in a case of sudden onset of paralysis affeot- 
ii^ both hands and muscles of the forearms, excepting the supinator 
lougus, and attended by ansesthesia in the inner surface of tlie arm and 
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in the gmiter part of the forearm, excepting the radial side, the 
amesthesia upon the trunk, together with the zone of hyjtcrtcsthesia 
above it, wjis below the level of the nipple. Paralysis of the sympa- 
thetic in the neck, oiusing a narrowing of the palptibral fissure, retrac- 
tion of the eyeball and a loss of dilatation of the pupil on irritation of 
the neck were present. 

The indirect symptoms of spastic paralysis in the legs develop early. 
The knee-jerks are exaggerated, ankle clonus ap^Kiiirs, the legs are stiff 
and rigid, and subject to quick sharp spasms of a painful character, and 
cramps. There is usually retention of urine, though occasionally the 
bladder may empty itself suddenly without the control of the piitient. 
There is no control of the rectum, which may act in the same manner 
as the bladder when full. In these cases it is uot uncommon for 
priapism to occur. These cases are more dangerous than those of 
transverse myelitis of the dorsal and lumbar region, because of the 
possibility of an ascending myelitis which may invade the cells govern- 
ing the phrenic nerve and cause death by respiratory paralysis. 

In disseminated myelitis the symptoms of paralysis with atrophy and 
disturbances of sensation are more extensive than in cases of transveree 
lesion, and symptoms appear both in the legs, body, and arms simul- 
taneously or in rapid succession. A few niuscles in each limb may be 
picked out by the paralysis, adjacent muscles being weak, but showing 
no tendency to atrophy or reaction of degeneration. A disturbance of 
sensibility is usually marked, but does not go on to a total amesthesia. 
There is commonly a loss of bladder and rectal control. I have never 
seen a case of disseminated myelitis, but in the following history by 
Taylor ‘ there is a fair illustration of the course of the ciise: 

A man, aged thirty-two years, slipped while getting off a train and 
received a slight shock, but did not fall to the ground. His lM)dy was 
bent backwaM, and he stepped forward suddenly in order to preserve 
his balance. At this time he felt a little pain in his loins and soon 
after pains throughout his body. He continued his work for the two 
following days. On the third day, after a long walk and an ex[)osure 
to wet, he found himself unable to hold his water. On the fourth day 
he felt weakness in the legs and had difficulty in walking home. A 
day later there was marked weakness of the legs, retention of urine, 
and considerable numbness in the legs, and the day after he was con- 
fined to his bed with paralysis. On the ninth day after the injury he 
had involuntary movements and a temperature of 102° and 103° F. 
He was then taken to the hospital, and on the twelfth day after the 
injury was found to be completely paralyzed in the lower extremities, 
was able to move only the head and hands, the hands being weak. 
The lower part of his chest was immovable and the breathing was 
diaphragmatic. His voice was clear, but he had a short, weak cough, 
and could not expectorate. The abdomen was tense, tympanitic, not 
resistive. He had a complete loss of sensation up to the level of the 
seventh rib on both sides. There was a sensation of pins and needles 

* Allbutt’s System of Medicine, vol. vii., p. 12. 
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in the upper extremities, but not in the lower, There was no reflex 
action in the legs and the muscles were not rigid. Electrical reactions 
were normal. Temperature continued high, 101.5° and 104° F. 
Three days later he had entire loss of power in the right hand, and 
the tlioracic muscles were completely paralyzed. There were cystitis 
and febrile symptoms, and he was delirious. The following day his 
dyspnoea was excessive and he spoke with difficulty. He could still 
move his left hand slightly. He died of exhaustion. The autopsy 
showed an extensive softening of the spinal cord from a point three 
inches above the lower extremity to a point nine inches higher up, the 
softening l)eing disseminated in small patches irregular in size. 

E. W. Taylor has recordeol the interesting fact that the courae of 
labor with successful delivery and firm uterine contractions, was in no 
way interfered with in a case of lumbar myelitis with destruction of 
tlie entire lower cord as shown by autopsy. There was paralysis of 
the abdominal muscles and no power of aiding the expulsion of the 
child by them, but the uterus contracted rhythmically during labor. 

Pro^osis. — In the early stage of myelitis a very guarded prognosis 
must Ix! given. It is impossible to tell to what extent or severity 
the symptoms may develop, and until the progress is arrested the 
outlook is always serious. Infections cases, especially tliosc that arc 
secondary, have a better chance of recovery than cases due to disease 
of the bloodvessels, and tlm slower the onset of the symptoms the 
better the chance of their arrest. The more absolute the aneesthesia 
in any case the worse is tlie prognosis. The greater the pain in the 
back, especially if it is attended by rigidity of the spine, or spasms in 
the legs, the worse the prognosis. After the acute onset the prognosis 
will depend on the severity of the symptoms. Bed-sores and cystitis 
make the outlook less hopeful. After very complete paralysis I have 
seen a slow but progressive improvement and a return of power to 
walk. It is always well to hold out the hope of some improvement 
for two years. After that time no change can be expected. The 
younger the patient the more vigorous his general condition, and the 
better his habits the better his chances. 

Treatment. — Absolute rest in Ixjd must be enforced from the out- 
set. The patient should lie in a prone position, if possible, and groat 
care should be taken to change the position at least every half-hour 
and to so distribute the weight, by means of pillows or by an air-bed 
or water-bed, as to prevent pressure of the body coming upon the 
bony points. Frequent sponging of the skin and careful attention to 
cleanliness, especially if there is an incontinence of urine or feces, are 
necesstiry in order to prevent the development of bed-sores. Under 
all circumstances the use of the bed-pan or urinal should be enforced, 
as the effort of sitting up may increase the symptoms. If the skin is 
very red it should be bathed with an antiseptic solution and with a 
solution of alum and covered with a powder, and no pressure on it 
permitted. If a bed-sore forms it is to be dressed like any ulcer and 
kept us aseptic as possible. Stimulants to healing, such as balsam of 
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Peru or a galvanic current directly applied, have never seemed to me 
to be effective. The most important tiling is to remove all pressure 
from the ulcerateil surface, and tlius allow it to h«d. Tlie greatest 
care should l)c taken in catheterization, all catheters should lie kept in 
antiseptic solutions and carefully washed, and coated with carbolized 
vaseline before being used. It is too commonly the custom to limit 
the washing of the catheter to the time succeeding instead of preceding 
its use. If cystitis develops the bladder should be washed out twice 
or three times a day with a 10 per cent, solution, of boric acid at 
98° F., and the patient should be given siilol, five grains, or urotropin, 
ten grains, every four hours by the mouth. The action of the IkiwcIs 
should be regulatiid by means of laxatives daily, which should be as- 
sisteil by an injection given at a regular time of the day, a pa<l being 
constantly applied to the anus to prevent leakage. Tlie spasmodic 
contractions and cramps in the muscles may be relieved by the use of 
warm cloths to the back or of warm bottles, care being tiiken not to 
burn a blister in the anajsthctic skin. Bromides are sometimes of 
mudi service for this symptom. Any active medicinal treatment for 
the disease during the period of onset or during the period of maximum 
intensity is usually futile, though salicylate of soda and salicin have 
been supposed to be of use in infectious ciistis. When the active proc- 
ess has come to a standstill and a period of improvement sets in, 
massage and elecstrical applications to the muscles, gradually increasing 
volunfciry movements and exercises, tending to reestablish the volun- 
tary control of the limbs, arc to be used. Baths are also of service, 
either warm and cool sponging of the bsick, or warm douches under 
moderate pressure (ton pounds), or tepid site baths with sponging of 
the back. Cold (60° F.) or hot (100° F.) baths are to be avoided. 
When the patient begins to walk great care should be tiikcn to pre- 
vent over-fatigue and to prevent falls. Kubber heels or soles help 
these paralytics. In some cases apparatus may be used to facilitate 
the act of walking, such os braces to the ankles or knees or a stiff 
corset to the back. 


OHRONIO MYELITIS. 

Etiology. — Chronic myelitis may develop as the result of an acute 
myelitis when this docs not go on to a fatal termination but leaves a 
certain amount of damage to the spinal cord. A myelitis, however, 
may be from its onset a slow process, and thus the disetise may be 
chronic from the start. Any of the causes capable of causing acute 
myelitis are equally capable of producing chronic myelitis. Distur- 
bances in the circulation of the cord are probably the primary cause in 
the majority of cases, atheroma of the bloodvessels or syphilitic en- 
darteritis being among the most common conditions found in this 
disease. Chronic myelitis may also develop as the result of chronic 
meningitis, and is usually associated with more or less implication of 
the spinal meninges. The term clironic myelitis may be applied to any 
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or all of the processes of degeneration developing in the cord in con- 
nection with other spinal-cord affections. Thus the terminal stage 
of lateral and combined sclerosis, of amyotrophic lateral scderosis, of 
acute or chronic poliomyelitis, or of disseminated sclerosis may bo 
diagnosticated as chronic myelitis in case no exact history of the onset 
of the disease can be obtained. Chronic myelitis may also occur 
without any ascertainable cause, a chronic irregular degeneration, both 
in the white columns and in the gray matter being found after death 
in cases where the disease has been one of slow and irregular type. 
Chronic myelitis may develop in the course of very many constitu- 
tional diseases that producie disturbance of general nutrition, and it may 
also develop secondarily to many of the acute infectious diseases, being 
in these cases due rather to the toxic agents produced by tlie infection 
than to any <lirect bacterial action. Any of the various forms of injury 
of the spinal cord or of its bony covering, or of its meninges, may be 
followed by a chronic degeneration in the spinal cord. Veiy great 
and long-continued physical exercise is also supposc<l to Ihj a cause. 
Chronic alcoholism may protlmxj a chronic myelitis as well as a periph- 
eral neuritis, and in some cases of very sevisre peripheral neuritis 
which failed to recover, changes have been found of a degenerative 
nature in the spinal cord. Thus chronic myelitis may be the rosult of 
a state of poisoning which produced first a multiple neuritis. Chronic 
myelitis develops occasionally as a sequel of gout with or without an 
attending multiple neuritis, the exact nature of the process being still a 
matter of uncertainty. Chronic myelitis is in some cases due to 
syphilis, and then it may be either a diffuse process advancing into the 
cord from the periphery, attended by degeneration which appears first 
in the lateral columns of the cord and gives rise to the symptoms of 
spstic |)araplegia (the spinal syphilis of Erb), or it may be a trans- 
verse process due to syphilitic endarteritis in the vessels at a certain 
level, or to tlie appearance of syphilitic indurations with infiltration of 
round cells in both white and gray matter. Such syphilitic infiltra- 
tions may l)e very irregular in their distribution ; may be confined to 
one segment of die cord, causing a chronic transverse myelitis ; may 
be limited to one or more columns of the cord, causing symptoms 
roscmbling locomotor ataxia or lateral sclerosis of one or Iwith sides ; 
may cause a unilateral lesion, producing symptoms of Brown-S^quartl 
paralysis, or may be irregularly disseminated throughout the cord. 
Chronic myelitis is sometimes due to pernicious aneemia, the changes 
in the cord which occur in the course of this disease being diffuse in 
location and slow in development* (see page 393). Slow poisoning by 
eigot or lathyrus may cause chronic myelitis. 

Chronic myelitis is usually a disease of adult life, persons of the ages 
from twenty-five to forty-five years being more liable to the affection ; 
it is about equally prevalent in males and females. It is possibly 
traceable in some cases to an inherited neuropathic tendency. It is, in 
my experience, a very rare form of affection, and it is probable that 
‘F. Billings, The Shattuck I^ture, 1902. 
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the descriptions found in the older text-books, which rarely correspond 
to cases now seen in tlie hospitals, were written before the time when 
careful distinction was made between the various forms of spinal-cord 
disease. As the knowledge of spinal-cord disease has increased it has 
been possible to separate accurately the different tyjKjs, and the more 
this is done the rarer the diagnosis of simple chronic myelitis is made. 
In fact, some authors have denied tliat as a special disease it can occur, 
and affirm that it is always to be regarded as the terminal stage of 
some one of the diseases of the cord already considered. 


Fia. 17«. 



Chronic myelitis, Sirelllug, degeneration, and sclerosis in the cord, a, degenerated (issue ; b, cell 
in state of chromatolysis ; e, o’, swollen axis cylindera ; il, sclerotic meshes of glia ; g, vessels with 
thickened wails ; n, enlarged meshes of glia. (Schmaus^Sackl. ) 

Pathology. — The pathology of chronic myelitis csinnot be traced 
accurately from the onset, inasmuch as the terminal stage of the disease 
is the only one which is open to direct observation. In patients tlying 
from chronic myelitis the spinal cord may present slight deformities in 
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its contour, but the changes are only visible in microscopic section. 
These changes are of two varieties : first, the appearance of sclerotic 
patches irregularly distributed throughout the white and gray matter 
of the sj)inal cord. These sclerotic patches consist of a thickening of 
the glia and of the connective tissue alwut the bloodvessels, usually 
attended by a distention of the bloodvessels and by changes in their 
walls of the nature of endarteritis — both obliterating or atheromatous. 
As a rule, this s(;ler«>tic tissue is thicker and more dense than in the 
ordinary forms of secondary degeneration, or in tabes, or in latend 
sclerosis. Occasionally in the mass of sclerotic tissue a distended axis 
cylinder has produced a cavity, and the cord j)rcseuts tlie cribriform 
appearance, or Swiss cheese appearance, which has been described as 
occurring in acute myelitis. Usually the sclerosis is thicker at the 
periphery of the cord, and is associated with adhesions of the pia and 
with chronic meningitis. It has a tendency to be thicker around the 
bloodvessels that enter the cord from the periphery, and very often 
wedge-shaped patches of sclerosis are seen with the apex pointing 
inward. It is evident that the neuroglia of the cord is increased in 
density and also that the connective tissue in the vessel walls is 
thickened. All throughout this sclerotic tissue a fine cell infiltration 
is found, more intense about the bloodvessels, but everywhere present 
in the cord. If this irregular sclerotic process has gone on chiefly in 
the surface of the cord tlie so-called annular sclerosis is found, a ring 
of sclerotic tissue surrounding the fairly normal fibres of the cord, the 
gray matter not being greatly affected. This condition is rare. 

The second pathological change present in chronic myelitis is an 
advanced degeneration of tlie nerve fibres and of the nerve cells through- 
out the cord. This may be very irregular in its distribution j and its 
extent at the time of the autopsy is very often much greater than tlie 
extent of the initial sclerosis to which it is secondary. Secondary 
degeneration follows each nerve fibre to the end where it is interrupted 
at any point in its connection with its proper neurone body. Thus a 
small patch of sclerosis at one level of the lateral column may be fol- 
lowed by a long descending degeneration in tliat column. And a small 
patch of sclerosis in the posterior column may give rise to ascending 
degeneration as high as tlie medulla. 

It is not always possible to determine from a microscopic examina- 
tion whether the primary process in a chronic myelitis is due to a 
d^ncration of the nerve fibres with secondary sclerosis, or whether 
it is due to a primary sclerosis with compression and secondary degen- 
eration of the nerve fibres. Both conditions are found in the terminal 
stage of the disease. In some sections it is evident tliat tlie thickening 
of connective tissue is greater than that which occurs in an ordinary 
replacement hyperplasia. In other regions, however, the sclerosis is 
quite comparable to that ordinarily found in secondary degenerations. 
It is this mingling of the two processes in chronic myelitis which gives 
rise to the irregular appearance found. Enormous swelling of the axis 
cylinders, suoh as is found in acute myelitis, is occasionally observed 
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in chronic myelitis ; and granular corpuscles, the products of degenera- 
tion, are scattered everywhere through tlie spinal cortl. The distribu- 
tion of these lesions rfirough the cord varies in different raises, both 
transverse and disseminated chronic myelitis being found. 

Symptoms. — The symptoms of chronic myelitis are such as might 
be ex})ectcd from a chronic implication of the various columns of the 
spinal cord and of the various segments of the cord in their gray mat- 
ter. The process is such a slow one, however, and so different iu dif- 
ferent cases that no typical course can be described in this disease. A 
general feeling of weakness in the legs, undue fatigue on exertion, going 
on gradually to a state of paralysis of greater or less degree, perhaps 
not sufficient to incapacitate the patient for many years, is the usual 
history. The paralysis is usually of tlie spastic typo, with rigidity in 
the muscles, but it may be confined to a few muscles in the limb affected, 
and these muscles may show atrophy and reaction of degeneration. As 
a rule, there is in the early stage an increase in the tendon reflexes, 
with ankle clonus, and this may persist for several years and finally 
subside, and in the later stages the reflexes may lie lost. Occasionally, 
if the lesion happens to affect the reflex arc, the knee-jerks are lost at 
the outset. The legs may be the only parts paralyzed for many years, 
or tlie paralysis may extend within tlie first year to tlie arms, or it may 
liegin in the arms, but usually after several years some symptoms of 
paralysis arc present in all tlie extremities. The paralysis rarely is as 
extreme as it is iu the forms of muscular atrophy, and therefore rarely 
gives rise to permanent deformities or contractures. These, however, 
arc occasionally seen. 

Disturbances in the sensory sphere are very common in myelitis. 
These usually consist of irregular parsesthesise which may be followed 
by plaques of anaesthesia and analgesia. Pain is not a common symp- 
tom, excepting in so far as the general stiffness and weakness give rise 
to extreme sensations of fatigue or painful affections of the muscles 
paralyzed, but pain in the back is not uncommon when the myelitis is 
associated with a chronic meningitis. In these cases also some shoot- 
ing pains in the limbs and in the body may develop. 

Trophic disturbances are quite common in the course of chronic 
myelitis. Urticaria, irr^lar eruptions upon the skin, vasomotor 
paralysis, giving rise to flushes or streaks of pallor, irregular growth 
of the hair and of the nails, trophic disturbances of the joints and of 
the bones are not uncommonly observed in the course of chronic mye- 
litis. In tlie last stage of the disease beil-sores are a distinct danger. 
But all these symptoms may vary in intensity, and many of them may 
be recovered from with proper care. 

In the majority of cases as the result of a long-continued chronic 
myelitis the patient is reduced to a state of helpless paralysis. He is 
confined to the bed, the limbs are wasted and very often drawn up in 
a condition of contracture, extreme flexion of the thighs and legs with 
adduction of the thighs being present. In these cases the hands, too, 
become helpless, and the patient is reduced to the most abject state of 
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paralysis. A complicating cystitis not infrequently develops, quite 
early in the course of chronic myelitis, as the irregular action of the 
bladder may necessitate the constant use of catheters which convey 
infection. Cystitis and bed-sores are the common cause of death in 
this disease, though, if the sclerosis invades the upper portion of the 
cord, affections of respiration and deglutition may i)e the active cause 
of death. Many symptoms referable to an implication of the sympa- 
thetic nervous system are usually observed in the course of chronic 
myelitis, crises such as occur in locomotor ataxia having been observed 
frequently. If the first dorsal s^mcnt of the cord happens to be 
affected irritation or paralysis of the sympathetic in the neck will give 
rise to pupillary symptoms. 

Diagnosis. — The diagnosis of chronic myelitis is to be made entirely 
by exclusion. When all other forms of spinal-cord disease can be 
eliminated, and yet objective spinal symptoms of irregular distribution 
are present, chronic myelitis may bo diagnosticated. When the typical 
symptoms of the various spinal-cord affections are considered, it will 
be evident that they are none of them likely to be confounded with 
chronic myelitis. The most difficult diijgnosis is from disseminated 
sclerosis. In this disease, however, it is to l>e noted that nystagmus 
and other <!erebml symptoms ap£)eur early, of which the most notice- 
able are the scanning speech and the intention tremor. The develop- 
ment, therefore, of (serebral symptoms in the course of the csise of 8Ui>- 
posed chronic myelitis will indicate that the original diagnosis should 
have IxHin disseminattKi sclerosis. In the early stage of primary lateral 
scdcrosis or of amyotrophic lateral sclerosis, where the only symptoms 
are spastic piraplegia and where no ostensible cause can be found, the 
supposition of a transverse chronic myelitis of the dorssd region may 
be entertained ; but this diagnosis can only be substantiated when tlie 
development of sensory symptoms and disturbance in the action of the 
bliidder and rectum make it probable that the lesion is more extensive 
than one affecting the pyramidal tracts of the spinal cord alone. 

Prognosis. — The prognosis in chronic myelitis is uniformly unfav- 
orable, and the patiente are destined to a life of invalidism. 

Treatment. — The treatment of chronic myelitis is one of care of 
the general health, the various symptoms of the disease being coun- 
teracted SIS they arise, so far as jsossible, and tlie psitient kept in a state 
<»f comfort. All the measures already recommended in connection with 
the treatment of locomotor ataxia msiy be carried out in the course of 
chronic myelitis, and are not infrequently attended by temporary 
improvement. This is particularly true of hydrotheraiHmtic treatment 
ami the csireful application of massage. A prevention of any of the 
complicating diseases which cause death will be a duty in the latter 
stages. 
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SENILE PABAPLEQIA. 

People of advanced years, especially those who are rather feeble, are 
occasionally afflicted by a slowly progressive weakness of the legs, 
attended by pain and sensations of numbness, undue fatigue upon exer- 
tion, and possibly with a slight degree of difficulty in the retention of 
urine. These symptoms give rise to the suspicion tliat tliey are about 
to develop chronic myelitis. They are of very slow progress and pro- 
duce disturbance of walking which results in a slight dragging of tlie 
feet, or rather shuffling gait, difficulty in getting up stairs or stepping 
up into a carriage, but not attended by any true ataxia of movement. 
A great sense of weariness is usually experienced in these patients after 
any exertion, and they may bo the subjects of senile tremors of the 
hands or of the head. Very many patients afflicted in this way are 
the subjects of chronic arterial disease or of chronic affections of the 
heart. The condition may develop cwcasionally quite rapidly, all the 
symptoms appearing within a few days, and making it difficult for the 
patient to move about at all. In my own experience the affection is 
more common in women tluin in men. It is probably due to some dis- 
turlmnce of circulation in the lower part of the spinal cord, either of 
the nature of an arterial ansemia or of a venous congestion. This seems 
likely because of the fact that in the majority of cases absolute rest in 
IkkI, skilful massage, the use of hot applications h) the spine, followed 
by cool douching, heart stimulants, and general tonics result in a pro- 
greasive recovery. 

Autopsies are wanting to establish the pvthology, as no fatal cases 
have been recorded. 

Diaseminated or insular sclerosis of the spinal cord is so commonly 
associated with similar lesions in the brain tiiat it will be discussed in 
connection with brain diseases. 
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CHAPTER XXI I. 

INJURIES OF THE SPINAL CORD. IliEMATOMYELIA. 

IN.IUEIES and wounds of the spinal cord, producing a la<!eratioii of 
the cord aud hemorrhages witliin it or in the spinal canal, are of fre- 
quent occurrence. The usual cause of such injuries to the cord are 
fractures and dislocations of tlie vertebras. It is natund from the 
length of the organ aud from its location within a narrow cylindrical 
bony canal that any injury to tlie wall surrounding it should have a 
direct or indirect effect upon it. An<l it is rare for a fracture or a dis- 
location of the vertebra to occur without producing immediate damage 
of the spinal cord. 


Fig. 177. 



Uemoritago In the central gray matter on the left aide, due to fracture of the spine. 

First dorsal segiucnt* 

Pathology. — Such an injury is usually attended by a compression 
and bruising, or by a laceration of the cord, a disintegration of its 
substance,, and a considerable hemorrhage that perforates the cord and 
is followed by an inflammatory process that may intensify the disinte- 
gration or may go on to an attempt at repair by the formation of an 
extensive cicatrix. Fig. 177 shows the appearance of a spinal cord 
after a fracture of the sixtli cervical vertebra. The eightli cervical 
segment was crushed and disintegrated, the typical foi-m of the gray 
matter being obliterated and the tracts in tlie white matter torn across. 
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A large hemorrhage occmri-ed whicli penetrated the cord and (lestroyinl 
the gray matter lor some distance' above anel below tin; eighth e^ervicsil 
segment, l)eing largely confined to the gray matter, es[)oeially of the 
jM)sterior horn. The clot followed the line of least ivsistiinee, which is 
always within the gray matter. (Fig. 17H.) In another case', wlusi’e 
the fracture occurred in the dorssd region, the hemorrhage surrounded 
the coixl above and below the destroy wl segment, filling the spinal 
canal within the dura. 

When the coixl is expised at the autopsy or in a surgical operation 
for the repair of the fracture, its external ujipoaranee may not lie 
changed, and if the pia and sheath be not ruptured there may be 


Fig. 178. 



Clot la the posterior burn of the Ira side, three sc^giiiCDts ubuve the iirecvdliig ligiire. 
Sixth cervical sugiuent. 


very little evidence of the extreme destruction present. It is only 
upon section that the lesion is evident. Thus, in tlie case frem whittli 
the figures are taken external ins|)cetion showed no lesion of the eoixl. 
But on cutting the cord the general disintegration and hemorrhage were 
visible. Bullet wounds and sfaib wounds of the coixl cause a similar 
disintegration of the spinal elements and a hemorrhage without or 
within the cord. These are more likely to be followed by purulent in- 
flammation, the result of septic material brought in with the bullet or 
knife. This inflammatory condition involves the meninges as well as 
the cord itself, and may go on to juiriilent myelitis or to abscess of the 
cord with total destruction in a transverse direction. Hemorrhages 
within the cord cause a long, narrow, cylindrical clot usually witliin 
the gray matter, sometimes in the posterior columns, very rarely in the 
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lateral columns. The maximum destruction is limited to oue or two 
segments, hut the clot may perforate a number of segments, even to 
one-half the length of the (!ord. Sometimes many little clots are 
found at diffei’cnt levels. Occasionally the capsule of the cord is 
broken and the hemorrhage reitches the pia and infiltrates it. If the 
{tatieut dies at once the clot is found surrounded by broken-down cord 
tiasue filled with small cells and granular corpuscles — pigment and 
hsematin crystals. If the {tatient survives a few weeks the clot may 
1k> somewhat absorbed and contracted, the tissue about it may 1m5 
ycllowish-retl from fatty degeneration of the nerve elements, and the 
cells and fibres will be found in all stages of disintegration. If tlie 
jmtient lives for some years tlie clot may be entirely absorbed, leaving 
either a long scar of connective tissue or a long cavity lined with con- 
nective tissue — the hemato-myclo-porus of Van Giosou. Hemor- 
rhage from the vessels of the pia mater, causing comprossion of the 
cor’d by a clot, may occur. Janeway has described such a condition 
occurring in a piiticnt, the subject of hemophilia. I have seen one 
case which came on suddenly after unusual exertion. 

In the ])iitieuts who survive secondary degenerations develop in the 
coixl, as in eases of transvci’se myelitis, above and below the injured 
segments ; se<!Oudaiy degeneration also occurs in the motor nerves from 
the segment injured, to the muscles, and atrophy of the muscles, as in 
anterior {roliomyelitis. 

Etiology. — Hemorrhage within the spinal canal or within the cord 
may Ire the rosult of severo blows or fixlls or of dire<!t concussion. 
Thus I have seen multiple hemorrhages in the pia with a number of 
small clots outside the cord following a fall through an elevator shaft 
down five stories. I have also seen a hemorrhage in the conus ter- 
minalis due to the patient sitting down whero thero was no seat and 
injuring the buttocks. Hemorrhages may also occur as the result of 
spontaneous rupture of blooflvessels, either after gi’cat effort or after 
long-continued arterial disease. In one case a severe sudden bending 
forward of the neck without dislocation or fracture was followed by a 
hemorrhage within the cord which penetrated through the cervical and 
half the doi’sal segments, causing a long tubular clot. In another case 
the lifting of an unusual weight was immediately followed by a hemor- 
rhage in the lower lumlrar region which destroyed the lumbar and 
sacral enlargement and infiltrated the cauda equina, tlie latter being 
found embetldcd in the clot at the autopsy. 

Symptoms. — When a vertebra is dislocated or fractured a displace- 
ment either of the spinous process or of the body of the vertebra can 
be felt, causing a double deformity. The muscles about the fractured 
bone are thrown into a state of rigidity, and a fixation of the back or 
neck in an abnormal position occurs. Any motion causes great pain 
l)oth at the point of injury and in the domain of nerves which are 
compressed or lacerated^ The exact character of the injury can only 
1)6 determined by an examination with tlie Iloentgen rays. There are 
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some cases on record where slight fractures or {Kirtial dislociitions 
caused no spinal symptoms. There are many cases wliere the spinal 
symptoms exceed in severity any apparent surgical injury, for disloca- 
tion may be temporary and siJontaneously reduced. The surgical 
a8])cct of the csLse, however, is of less interest than tlic symptoms of 
spinal lesion. These depend wholly upon the position of tl>e injury; 
the higher the fracture the more extensive the symptoms, for the injury 
usually arrests all voluntary motion and conscious scusutiou in the parts 
below the level of the lesion. Hence the level of tlie symptoms indi- 
cates the level of the lesion. The facts of the localization of spinal 
functions already presented in detail need not Iw reproducctl here; but 
if carefully studied they will permit an accurate diagnosis of tlie posi- 
tion of the lesion to be reached. Particular attention should be |)aid 
to the posture involuntarily assumed by the patient in bed (see j)agc 
Co), to the extent of the panilysis (see page 54), and to the distri- 
bution of the ansesthesia (see page 74). 

In any rause of injury of the cord a state of psiraplegia is pnxluced 
at once. The panilysis is complete, the limbs are relaxed and flaiscid, 
the reflex action is much diminished, and, in casiss of transverse lesion 
with entire division of the cord, is lost; there is incontineiusc of urine 
with retention and a paralysis of the rectum ; tlicre is often a sfcite of 
priapism ; there are pains in the back at the level of tlie fracture and 
in the region of the bo<ly to which the nerves near the fnmture go ; 
these psvins are often attended by twitehings of the muscles which cause 
much discomfort; there is a condition of anassthesia more or less com- 
plete whose upper limit is easily defined and corresixinds to the level 
of the lesion ; there is a zone of hyj)enestliesia just above the anuMthetic 
level. The segment of the cord wliich is aftected in any particular 
fracture is the one thsit is opposite the fnictnrcd vertebra. The 
researches of Reid^ have demonstrated that there is not a uniform 
relation between the vertebra and the stjgments of the coni. The 
diagram (Fig. 179) of Dijerine shows the usual relation between 
the various segments of the coni amd the spines and lawlics of tlie 
vertebra. 

Chipault has given a practical set of rules for determining the rela- 
tion of the segments to the spinous processes of the vertebra. He says : 
“In the cervical region add one to the number of the vertebra, and 
this will give the segment opposite to it. In the upper dorsal region 
add two ; from the sixth to the eleventh dorsal vertebra ad«l three. 
The lower part of the eleventh dorsal spinous process and the sirncc 
below it are opposite the lower thiee lumbar segments. The twelfth 
dorsal spinous process and the space below it are opiwsite the sacral 
segments.” The spinal cord ends op[K)8ite the body of the first lumbar 
vertebra or opposite the cartilage in the space below it. The lower 
half of the spinal canal is, therefore, occupied by the cauda c(|uina 
only. In infanta the coni reaches as low down as the botly of the 

‘Journal of Anatomy and Physiology, vol. xxiii., p. 312. 
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Fia. 179. 
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third lumbar vertebra, but by the age of twelve years the lower limit 
is opposite the body of the second vertebra. 

Certain special symptoms attend fracitunss at diiferent hsvels : 

I. Fracstures of tlie upper four (5ervic.!il vertebrae ani usually attended 
by sudden denth either from involvement of the vitiil centres in the 
adjacent medulla or by a lesion of the centres of the phrenic nerves 
and respiratory paralysis. In a few patients who have survived for a 
few days pain has been felt in the great occipibil nerves ; the head luis 
iMieii held rigid, and any motion of it has 1 kh)u very painful ; a deformity 
has been felt in the pharynx ; a total paralysis of the entire body below 
the neck has occurred, and high or subnormal temperature with very 
rapid pulse have bcfen presemt. Death always follows soon. 

II. Fractures of the lower three cervical and first doivsd vertebrse 
are quite common, over one-quarter of spinal fractures being in this 
IcKjation. Divers into shallow water, laborers whose heads are bent 
forwanl upon their bodies, and persons struck by heavy objects falling 
on the shoulders, or who fall from a height in such a manner that the 
bo<ly is bent upon the head usually fracture one or more of these cervi- 
cal vertebra. In siudi fractures cither the upper or the lower half of 
the cerviciil enlargement of the coni is injured. 

(а) When the upper part of the cervical enlargement is injurcrl the 
paralysis of the arms is complete and the arms lie relaxed at the side 
of the patient ; pain is felt in the neck and shoulders, and spasms of 
the arm muscles are frequent ; anaesthcsui is complete below the deltoid 
area over the shoulder-joint (Fig. 180) ; there is no reflex activity in 
the upper extremities, but there may be some reflex activity in the 
legs after the shock passes off, and this soon becomes exaggerated ; 
there is usually consbiut priapism, and retention of urine which must 
be relievetl by catheter ; there is paralysis of the rectum ; there is a 
marked tendency to bed-sores, respiration is wholly diaphragmatic ; 
coughing and expiratory efforts are impossible ; a high fever an<l rapid 
pulse develop ; unusual sweating of the entire Ixsly ocemrs, and, as a 
rule, death follows during the first or second week. If the patient 
survives a state of nearly complete paralysis renuiins, with atrophic 
paralysis of the arms and spastic jmralysis of the legs. 

(б) When the lower part of the cerviciil enlargement is injured the 
paralysis of the arras is partial, the shoulder muscles and the flexors 
of the forearms escaping, and sometimes some of the mus(des of the 
forearms also escape. In this form the patient lies with the arms 
alxluctcd from the sides and the forearms flexed, the hands resting on 
the chest ; the body and legs are paralyzed and flacci<l, pain is felt in 
the hands and on the inner side of the forearms and often about the 
body ; the antesthesia is more marked on the inner side of the arms and 
forearms and is total in the hands (Fig. 181 to 183); it affects the 
iKxly also, but the upper limit of anaesthesia on the laxly may lx; as 
low as the nipple ; there is a region of hyixjrajsthesia on the outer side 
of the arm and about the chest above the nipple ; there may be a 
temporary suspensiou of reflex action in the legs, followed later l)y 
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exaggeration of all the reflexes ; there is priapism, retention of urine, 
paralysis of the blailcler and rectum ; there is au oculo-pupillary par- 
alysis with contraction of the pupil, failure to dilate when the neck is 
scratched, and a narrowing of the palpebral fissure, and rctractiou of 


Fig. 180. 



Anecsthesla cansed by a lesion of 
the fllth cervical segment. 


Fia. 181. 



Aniestheala caused by a lesion of the sixth cervical 
segment on the light side, and involving the fiOh seg- 
ment of the lea side. 


the eyeball, these symptoms indicating a lesion of the first doreal seg- 
ment, but being frecjuently present with any injury of the lower cervi- 
csil enlargement. The psinilysis is not always symmetrical in the arms, 
and many muscles may escajie if the lesion is low down in the en- 


Fio. 182. 



Aniesthosls caused by a lesion of the seventh 
cervical segment, almost symmetrical. Dotted 
area hypenssUietIc. (Uertcr.) 


Flfl. 183. 



(Bruns ) 


largemcnt. (Fig. 184.) If the patient recovers a state of atrophic 
paralysis in the upper extremities of greater or less extent remains and 
a condition of spastic paralysis in the le^. 

III. Fractures of the dorsal vertebrae are rather infrequent. They 
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cause a paralysis of the legs and abdominal muscles with loss of con- 
trol of bladder and rectum. There is a distinct girdle stmsation often 
attended by pain. There is a line of anaesthesia about the tmiik al)ove 


Fig. 184. 



Anccsthesla ol the right aide due to Icainn of the fifth ceirlcal aegmcnl ; of the left aide due to 
Icaion of the firat doraol aegment ; tongiic-likc extenalou of auieathcaia in axilla and under the ami. 
(Wlchmann.) 

which is a zone of hyperajsthesia. This line of antesthesia is usually 
the most importsint guide to the level of the Icsitm, but it is not on a 
line with that level. (Figs. 185 and 188.) It is from tlmsc to four 
inches below it, for there is an overlapping or anastomosis of the 


Fig. 185, Fig. 186. 



body and exteodiog higher behind than in front Anecstbesia due to lesion of the eleventh 

(Wlchmann.) dorsal segtneot (Wlchmann.) 

sensory filaments of nerves, and the intercostal nerves of one segment 
supply the skin directly related to two or even three adjacent segments, 
as Sherrington* has shown. (Fig. 187.) Furthermore, the sensory 

‘Transactions of the Boyal Philosophical Society, London, 1893, vol. clxxxiv. 
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fibres entering the cord ascend to the two higher segments before 
terminating, and lienee a tr.in.svcrse lesion of the coni does not cut off 
all tlie sensations from the nerve roots at its level. This will be 
understood by refenmee to Fig. 23. Thus in a ease of fracture of the 
sixth dorsal vertebra the eighth dorsal segment was injured, and the 
line of anavsthesia correspondeii to the distribution of the tenth dorsal 
nerve, being three inches below the level of tlie injury. The zone of 
hyperaesthesia which lies above the level of the aniesthesia is due to 
the fact that stuisixtions received in segmemts of the cord just above the 
lesion which are in a state of inflammatory irritiition are felt to an 
exag^ratod degree. The girdle sensation is a consciousness of this 
hypersensitive skin. If the coi’d is not severed and, is capable of 



DUgram abowing the nerve supply of the skin of the thorax ; every part la supplied 
oy two nerves. (Sherrington. ) 


transmitting some sensations through the lesion, patients often refer to 
this hypersensitive zone, all sensations coming up from tlie legs. Thus 
in one of my patients a pin-prick, or pinch, or touch, or a thermal 
sensation produced in the paralyzed and aiiassthetic legs or trunk, was 
always felt alxiut the level of the sixth dorsal nerve. If on the back 
of the body it was referred to the back ; if in front, to the front, and 
it was always felt on the side which was irritated. Tliis man had a 
transverse injury of the cord due to fracture at the fifth dorsal vertebra 
and had Ihcii paraplegic four years when examined. I have seen this 
symptom in many cases, but have not seen it dcsfirilied. It is of 
service in distinguishing total from partial lesions of the cord. In 
cases of dorsal injury the initial symptoms may slowly subside in part. 
The patient remains, however, in a state of spastic paraplegia witli all 
the symptoms of lateral sclerosis due to the de.scending degeneration 
in the motor tracts of the cwinl. The danger of be<l-8ores and cystitis 
is directly praportionate to the degree of auussthesia remaining. Some- 
times these patients live for many years. 

It is in cas^s of dorsal injury that the syndrome due to a lesion of 
one lateral half of the coni, known as Bniwn-Sfiquard paralysis, is 
most commonly seen, although it may result from a lesion at any level. 
This combination of symptoms is as follows i 

1. On the side of the lesion there is paralysis with rigidity ; an 
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iucraisc) of t(!udon reflexes; vjisomotor paresis csausiug a temporary 
elevation of temperature; a dimiaution in muscular scmse and of the 
sense of position of the leg ; a general hyjMjrsensitive state to touch, 
tem 2 »cniturc, and pain up to tlic level of the lesion, wliieh may subside 
after a time; there is a narrow zone of anaesthesia about tins bisly to 
touch, temiKirature, and pain, the latter two being lost a little lower 
than touch. 

2. On the si<le opposite the lesion there is no jKiriilysis ; there is a 
slight incretisc of tendon reflexes ; there is anaesthesia to touch, tem- 
pcratui’o, and {win up to a line passing about the body alwmt an inch 
lower than the zone of anaesthesia on the side of tlie lesion. The 


accompanying diagram (Fig. 188), illustrating the course of motor and 


sensory fibres through a (^onl, wliieli 
is sui){)osed to have a lesion involv- 
ing one segment on the left side 
only, demonstrates the manner in 
which these symptoms are pro- 
duced. The lesion interrupts the 
transmission of nervous impulses of 
various kinds. In a patient of my 
own a fracture of the seventh dor- 
sal vertebra cjiuscd this syndrome, 
which was {wirtly relieved by oper- 
ation. The fractured lamina that 
eomjinissed the coni was removed, 
the symptoms gradually subsided, 
but even at the end of eight years 
there remains some stiffness of the 
paralyzed leg and an ajjiircciable 
difference of sensiition on the two 
sides in the legs. 

IV. Friuitures at the lower two 
dorsiil and upper lumbar vertebrae 
are the most common fractures of 
the 8i)ine, over one-half of the cases 
being in this locality. Such frac- 
tures injure the lumbar enlargement 
of the cord. 

(rt) When the upper part of the 
enlargement is destroyed there is 
total 2 )andysis with flaccid condition 
in the abdominal muscles and in 
the muscles of the thighs, with in- 
creasing atrophy and reaetiim of de- 
generation and a loss of reflex action ; 


Fio. 188. 



Diagram ahowlDg tiio cIToct of a unilateral 
lesion of the spinal cord, causing “Drowo- 
Saquaid paralysis.’’ 


there is paralysis without atrophy or 

change in eleetric reaction in the muscles of the legs and feet; the 
legs lie extended in bed and cannot be drawn up; there is loss of 
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voluntary control of tlie bladder and rectum, with retention of urine ; 
compression of the testicle does not cttuse a contraction of the abdomi- 
nal muscle of the same side (Kocher’s reflex) ; there is anesthesia as 
high as Poupart's ligament about tlie body, and the girdle sensation is 
located here. Sometimes, however, when the upper two lumbar seg- 
ments escape, the funnel-shaped areji on the front of the thigh is hyper- 
sensitive (Fig. 189), a sense of pain is felt there, and the anaesthesia is 


Fio. 189. 



Area of anssthesla In a lealon of the lower two lum- 
bar aegmenta on tho IcO aide and entire lumbar enlarge- 
ment on the right side. (Starr and McBurne;.) 


Fia. 190. 



Anteatheala aOcr a lesion of tho fiOh lumbar 
segment. (Eulcnbcrg.) 



confiuetl to the area corresponding to the third lumbar segment and the 
segments below it. If these patients recover in part, as they often do, 
a great degree of inability remains, as the thighs are paralyzed. 

(h) When the lower part only of the lumbar enlargement is de- 
stroyed, the upper portion escaping, the paralysis is limited to the legs 
below the knees, or even to the peronei and feet, and these muscles are 
scHjn atrophied and show a reaction of degeneration ; the thighs are 
<lniwn up in bed and the legs are flexed ; the knee-jerks are sometimes 
present, but tliere is never any ankle clonus or toe reflex ; there is 
paralysis of the bladder and rectum, with complete relaxation of both 
sphincters ; pain is felt in the back and in the feet or legs ; the anaes- 
thesia is confined to the back and outer }>art of the thigh, and is great- 
est on the outer part of the leg and foot, some one of the peculiar areas 
of anaesthesia shown in Figs. 190 and 191 being present. Sensation 
in the testicles is preserv^. In these cases a recovery leaves the 
patient with some power of getting about on .crutches, as apparatus 
may hold the knees and ankles firm, while the thighs are under vol- 
uutaiy dbntrol. 

(c) Lesions are sometimes limited to the conus terminalis or lower 


INJURIES OF THE SPINAL CORD. HJEMATOMYELlA. 429 


three sacral segments. The most common lesion is a hemorrhage. 
The symptoms produced are a loss of control of tlie bladder and 
rectum, with complete relaxation of the sphincters, a total loss of 


Fig. 191. Fio. 192. 



AateBthcsIa 8a«r a lesion of the first Anoisthesia from a lesion of the fourth lumbar 

suvral segmeut, (Starr.) segment. (Wichmann.) 

Fio. 19.“!. Fig. 194 



Aneesthesla aner lesions of the second, third, and fourth sacral segments. 
(Opponheim, Unbor, and Starr.) 


sexual power, and an area of anesthesia cither limited to the anal re- 
gion, including the posterior part of the scrotum or jwsterior half of 
the labia and perineum, or extending into a heart-shaped area over the 
sacral region. (Figs. 193 and 194.) 
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V. Fraciturcs of the lower four lumbur vcrlebne or of the sacrum 
cause compression of the caudu equina, but no injury of the cord. The 
cauda equina is shown in Fig. 195. Compression of it by fracture 
produces very much the same kind of symptoms as injury of the spinal 
coni, since it is made up of the nerve roots 
Fui. 105. coming off from tlie lumbar eidargement. 

When this mass of nerves is comprcsscHl it is 
found that the innermost ones suffer chiefly, 
and as these arise from the sjicral segments the 
symptoms of injury to the csiuda (Kjuiiia are 
otlen those of sacnil lesions, viz., paralysis of 
the feet and peronei, loss of control of the 
blad<ler and rectum, with ndaxation of the 
sphincters and incontinence of urine, and anaes- 
thesia in tlie safldle-shajKjd area on the but- 
tocks, about the anus, and on the posterior part 
of the genitals. The symptoms may not be 
equally distributed in the two legs. In one 
case of fracture of the fourth lumbar vertebra 
the symptoms were unilateral. Fig. 190 shows 
the drop-foot present in this patient, and Fig. 
197 shows the area of anaesthesia present. 
No Brown-SC'quard syndrome can be caus<;d 
by a partial lesion of the cauda equina. The 
power of regeneration of tlie nerves is well 
known. Hence complete recovery is possible 
after cauda lesions. In the patient shown in 
Fig. 149, operation for the elevation of bone 
and removal of pressure resulted in a complete 
cure. 

The dia^osis of a cauda eapiina lesion from 
a lesion of the lower part of the cord is not 
always possible from the nervous symptoms 
alone. The diagram of Schultze (Fig. 195) 
shows that two lesions may cause the same 
symptoms. In fractures or injuries the loca- 
tion of the lesion isj however, not so uncertain 
as it is in hemorrhage within the cord or in 
tumors within the spinal canal. It is to be 
remembered that at the site of tlie fracture 
pressing the cauda equina pro- or injury tlic iierves are often lacerated or com- 
tr,.S!!^terirr7Zine”'^ P>^*88cd as they issue from the fractured verte- 
(Schuitsc.) bra. This causes intense pain or a zone of 

auffisthesia. The location of this pain or zone 
may be at a higher level than the anaesthesia produced by com- 
pression of the cauda or cord, and may often be a guide to the 
level of the lesion. Thus in a case of injury to the back the pain 
was fdt on the outer side of tlie thigh on one side, and in this region 
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Diagram of the lumbar en- 
largement and the cauda oqutna_ 
A, lesion of the lower half of the 
enlargement, and IS, lesion com- 
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the skin was ana;sthetic, the paralysis was limited to the feet, bladder, 
and rectum, and there was fair sensation in the aieas belonging to the 
fourth and fifth lumbar segments. In this case the diagnosis of a 
lesion of the third lumbar segment could be ex(;lud<!d and a diagnosis 
made of compression of the cauda equina and huicnition of the tliiinl 


Fio. 190. 



I)roi>-foot aftor cuiitprcwilnn of the right half of the 
caudu^ equina, relieved by 0 [icratioii. 


FlO. 197. 



Area of anseathcatn after compres. 
alon of the cauda equina. (Starr and 
Lloyd.) 


lumbar nerve. Symptoms of cauda equina lesions are less likely to lie 
exactly symmetrical in their distribution than symptoms of lesion of 
the conus termiualis. In cauda equina lesions severe pain in the 
back, perineum, and genitals is more common than in lesions of the 
cord. Bed-sf»res are more likely to develop iu lesions of the ctjrd. 

In the description of symptoms here given the lesion hsis been de- 
scribetl as a transverse one. This is the rule. But in many cases the 
lesion is somewhat irregular, one side or part of the cord suffering more 
than the other. And iu other cases there occur jierforating hemorrhages 
iu the gray matter above the transverse lesion, which also give rise 
to symptoms. In Ixith these conditions the symptoms are not as sym- 
metrical as in a transverse lesion — the paralysis may be greater in one 
leg or arm tlian in the other, and the area of aneesthesia on the two 
sides may diflPer. The asymmetry of symptoms is even more marked 
in spontaneous hemorrhage in the cord without external injury.* In 

• For a full history of the cases here cited the reader is referred to the American 
Journal of the Medical Sciences, July, 1892, and Brain, 1894. 




432 INJURIES' OF THE SPINAL CORD. HJEMATOMYELLA. 


discussiug syringomyelia the fact has already been stated that the 
symptoms of that disease may be produced by hemorrhage within the 
spinal cord ; hence in any case where these symptoms develop rapidly 
after an Injury spinal hemorrhages may be suspected. (See page 323.) 

Another symptom which requires sjiccial mention is the extreme 
lancinating pain felt either in the trunk or in the extremities in the 
domain of the nerves whiesh are compressed or lacerated at the point 
of fracture. These [Miins are referred to the peripheral termination of 
the comprassed nerves ; but, like the pains of locomotor ataxia, are of 
central origin. They often aid in the location of the lesion, as they 
are referred not to nerve districts but to segmental areas. 

Diagnosis. — The most important jwiut to settle in any case of 
injury of the spinal coni by dislocation or fracture of the spine or by 
internal hemorrhage is the question whether the cord has been com- 
pletely destroyed at any level, whether the transverse lesion is total 
and the cord below it is cut off entirely from the cord above. If any 
sensations whatever are felt by the patient in the parts below the 
lesion, such as pains, numbness, cramps, distention of the bladder or 
rectum, abdominal pain, or if changes of pcjsition given to the limbs 
are jierceived, or if any motion in the legs is possible the lesion is not 
total. Even when there is total anassthesia it is possible in some cases 
to cause sensations by severe irritation by needles in the paralyzed 
parts, and these are felt in the hypci’sesthetic zone. This never occurs 
if the lesion is total. The tendon reflexes return soon, if lost at first, 
and become cxaggeraftHl in partial lesions. If the lesion is total the 
patellar tendon reflex is permanently lost (Miles, Bastiau, Kocher), the 
paralysis of the legs is flaccid, and they show no rigidity on passive 
motion; the line of auscsthesia is more sharply defined and is abso- 
lute ; skin reflexes are lost ; there is greater vaso-motor paralysis in the 
parts below the lesion ; the limbs arc hot, the veins distended, priapism 
is present or easily produced by irritsition of the genitals, groins or 
thighs, the urine is retained, and the rectum paralyzed. 

Prognosis. — The prognosis in cases of injury of the spinal cord 
depends very largely upon the degree and severity of the symptoms 
presented. The higher the lesion the worse the pre^nosis both as to 
life and as to the degree of recovery. 

Inasmuch as a repair of the spinal cord docs not occur, and although 
scar tissue may form at the seat of the lesion, no restoration of con- 
tinuity of the nerve fibres is possible, and no regeneration of nerve 
tissue within the cord has ever been known to occur ; the prognosis in 
spinal injuries is a very bad one. This fact should be carefully con- 
sidered before any attempt at surgical interference after such injuries 
is undertaken. When the examination with Roentgen rays demon- 
strates the existence of pressure it is a matter of comparative ease to 
the silicon to remove it. Such operations, however, are uniformly 
disappointing, for, although the surgical end desired may be attained, 
it is rarely followed by any improvement in the condition of the 
patient. Hence the prognosis in these affections is extremely unfavor- 
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able under all circumstances, and the local diagnosis of the scat of the 
injury is therefore a matter more of medical interest than of practical 
importance to the patient. In minor injuries where the spinal cord is 
only slightly disintegrated, and where but one or two of the main motor 
or sensory tracts are involved in the injury, sf^me restoration of func- 
tion may spontaneously ensue. Hence the importance of guarding 
agiunst such complicating conditions as bedsores and cystitis which are 
tlie immediate cause of death in so many castvs. Rest in time may 
result in the gradual improvement of the 8ym2)toms, and the patients 
may even, after medium or slight injury, be able to get about in a 
state of spastic paraplegia of a more or less complete <legree. Gurlts 
has affirmed that when paralysis of the bladder and rectum continues 
after eight weeks a spontoncous recovery never occurs, but to this state- 
ment I do not agree as I have seen retiovery of control after a year of 
incontinence of urine. 

Treatment. — The treatment of injuries of the spinal cord consists, 
firet, of the tresitment of the surgical condition which is the cause of 
the injury, by giving j)roper support to the back, by reduction of the 
dislocation, by correction of the fracture, if possible, and by removal 
of bone which is causing pressure. The question of surgical inter- 
ference is often difficult ft) decide. No operation is justifiable during 
a condition of shock such as usually follows a dishaiation or fracture, 
or when high or subnormal temjjenitnre, rapid pulse, or labored res- 
piration are present. When, after a few days, the shock has passed 
off, the gtineral symptoms may assist the decision. If there is evidencie 
of a total transverse division of the cord an operation is useless. If 
tlie cord is only j)artially injured an operation may do goo<i when it is 
evident that the symptoms are kept up by a permanent compression. 
Time may show that the compression is partly tlue to hemorrhage, and 
as tliis is absorbed some functions may return. The majority of sur- 
geons advise postponing an operation until after tlie second week, in 
order to distinguish temporary symptoms due to concussion and to 
sho(;k or to extradural hemorrliage from the penminent symptoms of 
cord lesion. To put it off much longer, however, is to wait uccdhsssly. 
If there is evidence, by X-ray examination, of an existing compression 
of the cord by displaced bone, this should always be removeil. If, 
however, there is uo such evidence an opemtiou should be refused. 
Tlie statistics gathereil by Chipault and Hahn support this view. In 
one hundred and sixty-seven cases Chipault found that twelve were 
curetl, twenty-four were improved and sixty-five died. In sixty-four 
cases Hahn found that nineteen were cured or iinproveil, twelve were 
slightly helfied, and twenty-five died. Kocher agrees with these sur- 
geons in advising strongly against any opcnition unless there is distinct 
evidence that pressure can be rtimoved. To lay bare the cord without 
the prospect of relieving pressure is to expose the patient to the risk 
of a surgical operation which can have no result, for the nervous symp- 
toms are due to actual permanent destruction of spinal-cord tissues inca- 
pable of repair. Hence, in the majority of cases, it is necessary to 

28 
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refuse operation, to keep the back perfectly quiet, and by mechanical 
devices which prevent motion of the vertebrte, such as cushions, plastcr- 
of-Paris jacket, braces, extension apparatus, etc., to assist nature in 
uniting the broken bones in as perfect a position as is possible. 

Secondly, the treatment of the nervous symptoms is by complete 
and absolute rest in bed for several weeks or months after tlie injury ; 
by tlie prevention, if possible, of bed-sores, by keeping the skin in 
perfect order and clianging the position of the patient or changing the 
points of greatest pressure upon the body frequently; by clean cath- 
eterization to prevent cystitis, and careful regulation of tlie action of 
tlic rectum by enemata. If spasmodic contractions and cramps in the 
muscles of the limbs at some distance below the level of tlie lesion is 
an annoying symptom, it may sometimes be controlled by the use of 
bromide or by the use of bromide and chloral, or by phcnacctin. Pain 
at the level of the injury, especially in nerves that are crushed, will 
require the free use of morphine, which may have to be continued for 
a long period. The paralysis must be treated by massage and electricity 
if it is of the flaccid type, but where the paralysis is of the spastic type 
electricity will only irritate and excite the muscles to spasmodic cramps. 
Warm applications, packs, and massage will tlien be of much more 
service. The general health of the patient is to lie reganled as well 
as the local condition, and is more amenable to medical treatment by 
drugs than is the spinal lesion. 



CHAPTER XXlir. 

COMPRESSION OF THE SPINAL CORD. 

The spinal cord may be compressed by : 

I. Caries of the vertebrae. 

II. Carcinomatous growths of the vertebree or meninges. 

III. Syphilitic exudations into tlie spinal canal. 

IV. Tumors within the spinal canal, either extradural or intradural ; 
extraspinal or intraspinal. 

V. Aneurisms of the aorta causing abs(»rption of the vertebral 
bcxlies. 

VI. Pachymeningitis cerviealis sen lumbalis hypertrophica. 

Any one of these causes, acting as it does in a gradually progressing 
manner, and usually localizecl at one level, pnxluces a slowly increas- 
ing compression of the dura, of the pia, and of tlie bloodvessels of 
the cord, and of the spinal coni and of its nerve roots, Iwtli outside 
and at their point of entrance into the cord. 

I. OABIES or THE SPINE. 

Pathology. — The most common cause of compression is ctiries of 
the spine. One of the favorite sites of tulwrculous disease is the body 
of the vertebra, and caries stiirting here may extend into the laminm 
as well. This caries may be and usually is attende<l by the formation 
of pus, which collects as an abscess outside of the spine and perforates, 
or which may press on the dura and spinal coni within the ciinal. 
Tlie result of a tuberculous degeneration of a vertebra is a gradual 
softening of its bony mass, which thus removes the support of the 
body and allows a sinking of all the vertebra above it. As the 
diseased vertebra gives way a displacement forwanl and downward 
occurs. The spinous process is thus projected backward, producing 
the characteristic deformity of Pott’s disease, viz., kyphosis. Less 
commonly a lateral deviation occurs. Usually in connection with such 
disease of the vertebra tulierculous deposits are formed between the 
bone and the dura mater, producing a pachymeningitis. These masses 
are of a caseous nature with much connective-tissue formation, but 
occjisionally they break down into purulent d6bris. In very many 
cases of tuberculous disease of the spinal column the dura appears to 
offer a protection to the cord from any direct infection. However 
great the formation of caseous material or of pus outside of the dura 
the inner surface of the dum remains smooth and clean. Occasionally, 
however, this is not the case ; the dura becomes eroded or its inner 

435 



436 


COMPRESSION OF THE SPINAL CORD. 


RurfiiCG may be studded with tubercles, or a caseous mass may form, 
involving both the arachnoid and pia. Thus the membranes may be 
fused into a dense mass which impinges directly upon the spinal cord. 
Pressure upon the cord primarily ud'oets its bloodvessels and produces 
a condition of ischaemia which may be sufficiently intense to go on to 
necrosis. Where the pressure is not very severe, this ischsemic con- 
dition, while sufficient to cause a lack of general nutrition of the cord 
at the point of pressure, is not enough to set up true <le8tructive or 
degenerative proccisscs ; and while symptoms, such as increase of the 
reflexes below the level of the lesion, some degree of motor weakness 
and stiffness of the limbs, slight panesthesise, and possibly severe pain 
of a ginlle nature in the domain of the spinal nerves whose roots arc 
compressed, may rcmiain for some time, yet, if the pressure is rclievcid 
by healing of the process or by removal of the msiss, they may subside 
and a restoration of function in the cord may ensue. In some cases, 
however, the pressure produces a true constriction of the cord which 
is visible at tlic autopsy. 


Fig. 198. 



Epidura] tubcrciilosiii. The cord Is tightly snrrotiDdcd hy the thickened dura. 

Magoifled with a hand-glass. {Scbmaus-Hackl.) 

Microscopic examination of the cord opp<isitc the point of such 
pressure does not, sis a rule, show necrosis rather than inflammation. 
There is a swelling of the axis cylinders, a segmentation of the myelin 
sheath with fatty drops, a disappearance of the nerve fibres, with 
secondary hyperplasia of the glia, and a production of sclerotic 
patches. The cells of the cord at this point are often atrophied and 
fimnd in various stages of degeneration, chromatolysis, and vacuoliza- 
tion. In more advanced stages of the disease this results in a disap- 
j)earance of the nerve fibres and cells, whose place is taken by small 
cells, small nuclei, and thickened gliomatous tissue, with an increase 
of connective tissue about the bloocl-vessels. Corpora amylacea and 
Deiters’ cells are often found in the mass. In the terminal stage of 
the process the spinal cord at the point of compression is reduced to a 
mass of connective tissue, the nervous elements being completely de- 
generated. Occasionally tubercles are found along the bloodvessels 
extending into the spinal cord. It is evident, therefore, that the degrtie 
of the pressure will determine the degree of the degeneration. (Fig. 
176, pflge 413.) 
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There ia considerable discussion among patliologists as to whether the 
origin of the pitholc^ical process is a pressure upon the bloodvessels, 
pn^ucing ischsemia and necrosis, or upon the lymph channels, pro- 
ducing a stasis and serous effusion with oedcm:i of the cord and secon- 
dary degeneration, or whether the mechanical compression of the ner- 
vous elements resjilts in a primiiry degeneration without any vascular 
or lympliatie stasis. Tlie evidence offered by different authors for the 
existence of all three conditions is so overwhelming jis to make it 
apimrent that all three conditions may ocemr. Wo therefore assume 
that the patuologicsd process in a compression myelitis varies in dif- 
ferent individuals. But in all the terminal lesion may be e.onsidere<l 
the same, namely, a destruction of the nervous elements and the pro- 
duction of glioraatous tissue of a scar-like nature at the point of com- 
pression Fig. 176 (page 413) shows the terminal result when scar 
tissue only is found. 

After compression of the (sord of sullicicat d(*gree to cause a disin- 
tegration of the tracts psissing through it, se(M)iMhn’y degenerations de- 
velop, and as the compression of the coni iucreiis(!s and the tnuits in 
their entirety are cut off from their respective neurones, this degim- 
eration becomes well raarkixl. The lo(!ation of these secondary degen- 
erations htis already been described on page 403, with the ptithology 
of acute myelitis. The nerve roots lying adjacent to the cord or pjiss- 
ing out thnmgh the caseous mivss are degenerated. 

Symptoms. — The symptoms of caries of the spine are, first, pain, 
in the back in the bones that arc affected, and this pain is inerciiscd 
by any motion or by such acts as coughing or sneezing or by sudden 
muscular efforts. Walking rapidly or bringing the weight of the body 
down suddenly upon tlie heels usually causes pain in the affected ver- 
tebr®. Tenderness to pressure and to heat or to electricity over the 
diseased vertebrse is an esirly symptom. Stiffness of the back soon 
follows. It is due to an involuntary spii.smo<lic contraction of the deep 
muscles of the back, reflex in character, the object of which is to pn;- 
vent any movement of the diseased bones upon one another. The stiff- 
ness is also pirtly voluntary, the object being to prevent any additional 
pain upon movement. Later on, the development of deformities of the 
spine and a marked kyphosis ctmfirms the suspicion of disease of the 
bone. Sometimes purulent collections originating in the l)one find their 
exit outward through the skin of the back or, burrewing widely, appear 
in some other ];K)int of the b(xly, as a retropharyngeal abscess, as abscess 
of the mediastinum, or sis psoas abscess. As the bony disease increases 
the imtient may grow shorter, the bodies of tlie vertebra) being grailually 
absorbed. 

Pain is probably the most valuable and earliest of all the symptoms 
of caries of the spine. It is limited to the distribution of the nerves 
whose trunks or roots are involved in the pathological process, and it 
is felt in the peripheral distribution of these nerves. Thus in the 
common type of caries of the dorsal vertebra pain is felt in some one 
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or two of the intercostal nerves shooting around the Inxly and cansing 
a sensation of a girdle, a feeling as if a band were tightly drawn around 
the trunk. If the caries is in the cervical region the pain is felt in the 
arms or hands ; if in the lumbar, in the thighs. This pain, together 
with tlie iuci’ease of knee-jerks, may be the only evidence of compres- 
sion of the cord until the development of a deformity in the spine. As 
the disease advances the symptoms of transverse myelitis one by one 
appeiir, the motor symptoms, however, being much more common than 
the sensory. Thus localized atrophic paralysis may develop as the 
result of pressure on the nerve roots or from disease of the segment, 
lligidity and weakness of the legs with increase of the reflexes develops 
early. The control of the sphincters may be impaired. Ansesthesia 
very rarely develops in compression myelitis until the cord is pretty 
completely destroyed, though tingling and numbness and shooting pains 
below the level of the compression may be present for a long time 
before the development of a true anicsthesia. The skin reflexes are 
often exj^^^rated. Later bed-sores may develop. 

The exact symptoms of compression of the cord will depend entirely 
upon the level of the lesion. It is not mscessary to rehearse these 
symptoms, as they are fully described in Chapter IV., upon the diag- 
nosis of spinal lesions, and have been mentioned concisely in the chap- 
ter upon injuries of the spinal cord (psjges 421-430), 

Course. — The course of the disease in caries of the spine is very 
slow. The early symptom^ may develop and continue for many 
months without going on to a true compression myelitis. In fact, if 
treatment by orthopedic measures is successful paralysis may never 
develop, the spine may become flxed in its deformed position, and all 
nervous symptoms may subside. This is the rule in childhood. When 
symptoms of compression of the cord develop they may progress very 
slowly, so that the spastic paraplegia msiy be present for years with- 
out incapacitating the patient. Occasionally, however, they come on 
rapidly. I have known a patient to be completely paralyzed in the 
legs within three months of the beginning of pain. A sudden giving 
way of a vertebral body has been known to produce immediate pandysis 
when the pjitient had been free from nervous symptoms for many 
months. Even when spastic paraplegia has developed fully the symp- 
toms may gradually subside, as in a patient of Oppenheim who went 
on to recovery after seven years. This is a rare result. As a rule, 
the condition of spastic paraplegia of greater or less intensity remains 
throughout life, death occurring from some complication. The occur- 
rence of caries in childhood, though followed by a long life of freedom 
, from the symptoms, may predispose a person to the development late 
in life of a lateral sclerosis. Gowers and Oppenheim report such cases, 
and I also have seen one. When caries develops in middle life the 
probability of serious spinal symptoms is greater than in youth, and 
the course of the case is usually more rapid. 

■ Pro^osis. — The prognosis of compression myelitis due to caries 
will depend upon the possibility of removal of the cause. When the 
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carious process is not far advanced fixation of the spine with extension 
is not infretiueutly followed by a gnulual recovery, and in these cases 
it is not uncommon for all of the nervous symptoms to disappear. 
Under these circumstances it must be suppose<l that the pressure was 
not sufficient to produce any degeneration in the spinal cord, but the 
nervous symptoms were wholly due to an anaemia or to an oedema. In 
other cases where the disease makes further progress the prognosis is 
much less favorable. One has to think not only of the nervous 
symptoms but of the original disease, its progress, and of its likelihood 
to go on to the formation of abscesses and to a destruction of the 
vertebrae as well as to complete paralysis. The prognosis, therefore, 
in these cases is much less favorable than in ordinary chronic myelitis, 
and the cases go on to a fatal termination within two or three years. 

Treatment. — The treatment of compression myelitis from raries 
tMuisists in, first, the removal of the cause of die condition, and 
second, in alleviation of the symptoms. The devices of orthopedic 
surgery are so numerous for the treatment of Pott’s disease tliat they 
cannot be enumerateil here, but the successful treatment of this con- 
dition is quite possible under proper apparatus and fixation, and in the 
early stage it is easy to arrest die progress of the disease, to remove 
the pressure from the cord, and thus to secure recoveiy. The treat- 
ment of the cause will often remove many of the nervous symptoms, 
notably the neuritie pain, the spasmodic rigidity and spasms of die 
legs, the cramps of the various muscles, and the parsesthesia. Pain, 
however, may require treatment by morphthe. ■ Spasms of the legs may 
bo alleviated by bromide or chloral. I prefer to give ten grains of 
bromide of sodium every two hours than larger doses at longer inter- 
vals. If the apparatus worn will permit it, hot and cold douches and 
baths and packs to the spine, by increasing the circulation and nutri- 
tion in the spinal cord, are sure to be followed by a certain amount of 
benefit. The care of the patient’s general condition must never be 
neglected. Fresh air, a healthy climate, the most nutritious food, 
supplemented by co<l-liver oil and all kinds of general tonics, are fully 
as important as the local treatment, and should always be prescribed in 
addition to symptomatic remedies. 

Operative measures in caries are almost invariably unsuccessful, the 
conditions found being such as to preclude any permanent relief. 

II. OABOmOMA AND SABOOMA OF THE VEBTEBKS. 

Carcinoma of the vertebrae is almost always secondary to carcinoma 
in other parts of the body, especially of the breast. It develops very 
gradually in persons beyond middle life, women being more frequently 
affected than men. Sarcoma and osteosarcoma of the spine may de- 
velop at any age. While these tumors begin in the body of the verte- 
bra, they extend rapidly, involving the laminae, the ligaments, and 
adjacent vertebrae, and soon invade the spinal c»inal. Here they 
cause either a direct pressure upon the dura and spinal cord, or more 



440 


COMPKESSlOy OF THE SPINAL CORD.. 


commonly they erode the dum, and both the membranes and cord are 
diKHstly infiltrated by tlie new-growth. 

Symptoms. — The symptoms are first those referable to the bony 
disease, pain in the spine, tenderness on pressure, stiffness and rigidity 
of the neck or back, and deformity. The kyphosis is usually more 
diffuse tljsm in caries, as several vertebra) are affected, and the develoi)- 
ment of tlie symptoms is more rapid. Pain is an early symptom in 
this disease and is most severe and constant. It occurs in paroxysms 
of intense burning, shooting character, its situation depending upon 
the level of the tumor. It is increased by motion, by jarring, or by 
pressure on the spine, so tliat these patients instinctively avoid any 
movement. The nerves at their exit through the vertebra or the nerve 
roots witliin the spiual canal are directly involved in the tumor, and 
hence the pain persists in spite of treatment. The pain may be at 
first unilateral, but soon becomes symmetrical, and is attended by 
hypersesthesia in the painful pai'ts and by muscular twitchings and 
spasms. Herpes zoster often develops early. Symptoms of compres- 
sion of the coi-d follow the pain. A rapidly advancing ]mraplegia is 

the nile, and as it is so uniformly 
attended by pain it has been termwl 
“paraplegia dolorosa.” At the level 
of the lesion an atrophic paralysis is 
produced and a spastic paraplegia in 
the parts below it. The level of the 
lesion is indicated by the extent of the 
anaesthesia. If it is in the lower cer- 
vical region there may be a paralysis 
of tlie cervical sympathetic nerve, as 
shown in Fig. 199. A loss of control 
of bladder and rectum develops soon, 
tendency to bed-sores is very 
i "'a^rked. The intense pain may cause 
a neurotic or hysterical condition, but 
this should never mislead, as objective 
symptoms are always present. The 
course of the csise is usually rapid, 
and, as these cases arc not open to 
surgical treatment, a fabd termination 
always follows. The duration is from 
three to six months. Very ^rely a longer course has been observed. 
In one case of cervical carcinoma the symptoms of compression of 
the cord, with great pain in the arms, were present for three months 
without any local signs of the disea.se. It Wiis supposed to Imj pachy- 
meningitis cervicidis. This case was secondary to cancer of the liver. 

In anotlier ciise the carcinomatous character of the lesion WJis not 
diseoveretl until after death, though the signs of compression of the 
cervical cord and intense pain in the occipital nerves and brachial 
plcxils had indicated the probable nature of the disease, which was 
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Paralysis of the left cerrlcal sympathetic 
nerve Arum carcinoma of the spine. Ptosis, 
retraction of the eyeball, an<1 flattening of 
the face are seen. 
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secondary to cancer of the bresist. This patient for a month never 
made any movement without holding her head firmly with Insr hands. 
In the third case the symptoms were tliose of subacute myelitis of the 
lumbar region, with greiit pain in both scuatic nerves, but therc was no 
local tenderness of the spine, or deformity. Here the autopsy showed 
multiple carcinomata in various abdominal viscera and a small deposit 
within the spinal canal involving the coni and membranes, but not 
eroding the bone. 

In a case of osteosarcoma of the lower lumbar region there was no 
external evidence of the <lisease of the bone, and the diiignosis of a 
tumor of tlie ctiuda equina led to an oiKjratiou t)cing undertaken. The 
softened Imne was found, also an erosion of the dum, and a msiss of 
sarcomatous tissue surrounding and compressing the cauda w|uiua. 

In a case of aircinoma of the stonuich a secondary ciincer of the 
raid-dorssvl region developed and the deformity of the spine Iwcame 
evident two months before piraplegia occurred. In this case the jaiin 
was referred chiefly to the front and sides of the body until the 
paralysis became complete. 

It is thus evident that the local signs of the disease may not precede 
the nervous symptoms. 

Treatment. — The only treatment for this condition is palliative, 
and the use of hypodermic injections of morphine to give the pjitient 
relief fn)ra the pain is imjKirative. 

ra. SYPHILITIO EXUDATION ABOUT THE VERTEBEiE AND OORD. 

While gummy exostoses are not uncommon on the long bones, a 
syphilitic disease of the vertebrae is a rare occurrenw. It does ot!<iur, 
however, and requirtis mention. I have set'u it as a manifestation of 
inherited syphilis both in an infant and in a young man. In both 

• - Fig. 200. 
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Oummf oxudation the corri and nerre rootfi. gummy masses ; thlck<‘m*d capflulo of tlio 
cord; o, norro nMite; d, pia; uHcendiug dvgeiiuratioQ In coluiuns of Goll. (Buttcrsuch, Arch. f. 
Psych., xvii., 603 .) 


cases a diffuse thickening of the tissues about the spine, in the one case 
in the dorsal, in the other in the cervical region, occurred, and symp- 
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toms of slowly advancing compression of the spinal coni followed. In 
the latter patient tliese advanced to well-develojKjd paraplegia, witli 
pains and weakness in the hands and a mild degree of spastic para- 
plegia in the legs. In both cases inunctions of mercury and large 
doses of iodide of potassium produced a gradual subsidence of all the 
symptoms, though in tlie latter case a permanent increase of knee- 
jerks and a slight trace of spastic gait remains. 

A condition has been described of a gummy exudation encasing the 
spinal cord (Fig. 200), the exudation being within the dura and causing 
compression of the nerve roots and of tlie cord itself. This was not 
limited to one level, and tlierefore the symptoms protluced were those 
of chronic myelitis. It was due to inherited syphilis. Syphilitic 
exudations have been observcjd in the tertiary stage as a result of ac- 
quired syphilis. The symptoms produced were localized swelling and 
signs of tumor of the vertebras without much pain, and symptoms of 
compression of the spinal cord. Tlie course was a slow one, and 
recovery followed treatment. 

IV. TTTMOBS AFFECTINO THE SPINAL COED. 

Tumors of the vertebra that press upon the cord arc twice as com- 
mon as tumors of the membranes and of the cord combined. Statistics 
sliow that tumors affecting the cord are relatively rare. Schlcsingtir 
found only 147 in 35,000 autopsies and 151 in 6,540 tumors. The 
ratio to tumors of the brain is one to thirteen. Yet an added impor- 
tance to tumors of the cord has been recently given by their success- 
ful removal, and hence every fact which aids an early diagnosis is of 
interest. 

TABI.S IX. — Table of Spinal Cord Tumors. 


Intradnral. Extradural. 

» A 


Variety. 

Medullary. Moniugeol. 

Both. 

McningeaL 

Not 

mculngeol. 

single. 

Multiple. Total 

Saipoma, 

14 

53 

9 

17 

11 

80 

27 

107 

Tubercle, 

62 

... 

... 

2 


65 

9 

64 

Echinococcus, 


5 

... 

39 

... 

8 

.36 

44 

Fibroma, 

... 

20 

2 

6 


15 

18 

33 

Gumma, 

7 

4 

16 

2 


19 

9 

28 

Glioma, 

20 

... 

... 

... 


20 

... 

20 

Psammoma, 

... 

18 

... 



18 

... 

18 

Myxoma, 

... 

7 

... 

‘4 • 

... 

11 

... 

11 

Lipoma, 

1 

8 

... 


1 

8 

3 

11 

Cysticerens, 

2 

5 


... 

1 

4 

4 

8 

Gliosarcoma, 

... 

3 

■i 


... 

... 

7 

7 

Endothelioma, 

... 

6 

... 

i 

... 

4 

2 

6 

Melanosarcoma, 

1 

... 

3 

... 

... 

1 

3 

4 

Neuroma, 

4 

... 

... 

... 


3 

1 

4 

Lymphangioma, 

... 

1 

... 

1 

... 

1 

1 

2 

Cvsts, 


1 

... 

1 

... 

1 

1 

2 

Cllole8teatonu^ 

. 1 

... 

... 

... 

• •• 

1 

... 

1 

Uncertain, 

13 

12 

2 

3 

.... 

24 

6 

30 


125 

142 

' 35 

75 

13 

273 

127 

400 


Patholo^. — The preceding table of Schlesinger shows the varieties 
of tumor affecting the spinal cord and their relative frequency, their 
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eitnatioii, the fact that tumors are in 
many wises multiple, the fact that they 
often involve both membranes and cord 
together, and the fact that meningeal 
tumors are more common than medul- 
lary tumors. 

Sarcoma about the cord has a ten- 
dency to extend rapidly, invading the 
membranes and the posterior surfiute of 
the cord, though more commonly com- 
pressing than destroying the cord. It 
is rarely encapsulated, but often sur- 
rounds the cord and can be stripped 
from it. But sometimes it is closely 
adherent, and in other cases infiltrates 
the cord, following the vesstds and 
compressing and destroying the nervous 
elements. But the fact that such 
destruction is the exception rather than 
the rule increases the chance of success 
in its removal. Sarcoma is, however, 
often multiple, and not infrequently 
sarcoma of the cerebellum or of other 
organs is iissociated with sarcoma of the 
cord. Sarcoma often starts from a 
nerve root and invades both meninges 
and cord. (Fig. 202.) 

Tvherde is more likely to develop 
Avithiu the cord than in the membranes 
when it occurs as a solitaiy tumor, 
though a tuberculous meningitis is rela- 
tively more frequent than tumor and 
may develop as a complication of 
it. Tubercles are occasionally found 
throughout the cord, as Raymond has 
shown, but the usual form of tumor is 
a caseous mass within the cord. In 
some cases it appears to erode the cord, 
not increasing its diameter or changing 
its contour, and it usually begins in 
the gray matter, showing that the in- 
fection reaches the cord by the vessels 
rather than from the meninges. In a 
few cases, as in one of my own, a 
tuberculous mass may lie upon the 
cord and compress it, and hence be 
easily removed. 

But the tendency to recurrence is 
more marked in tubercle than in other 


Fio. 201. 



SsrcfHna surroundfiiK theaplnal cord and In* 
vadlng tbo oenre roots. (Hchuls.) 
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forms of tumor, and the difficulty of removal, togetlier with the 
ilanger of infection of the meninges, makes an operation much more 
unfavorable in this form of tumor. In my case the patient developed 
a generid tuberculous spinal meningitis two months after the removal 
of the tumor, and dietl. Tubercles grow rapidly ; hence the course of 
the csise is one of fast progi’ess. 

JivkhioiiOL-cm and eytslicercuH cysts are much mure common in Ger- 
many than in tliis country, and hence require little notice hen:. They 


Fig. 202, 



GllcHBrcoma of the cord. The cotd la invaded and destroyed on the lea aide. 
(Specimen fumlslied by E. W. Taylor and M. Prince.) 


grow rapidly, causing a progre&sive compression of the cord, but do not 
invade it as a rule. Hence tlie symptoms are those of compression 
myelitis. 

Fibroma springs from the meninges, usually from the dura on its 
inner surface. It lies upon and compresses the cord, but does not 
invade it. It is encapsulated and single. It grows very slowly, and 
is the most favorable tumor for operation because both diagnosis and 
surgical treatment are comparatively simple. (Fig. 203.) 

Gmima usually originates in the meninges, infiltrates tliem and also 
the cord, gluing both together in a soft mass and destroying the coni 
tissue completely. It is diffuse, not encapsulateil, and grows very 
rapidly. It is often difficult to distinguish gumma from tuliercle in 
the (»pd on inspection. It is a most unfavorable tumor for operation, 
but may yield to treatment.' The treatment, however, is not followed 
by rSstorafion of the spinal functions. 
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Glioma of the cord is not to be confounded with {rliomatosis, although 
it occasionally complicates this disease. (8(J0 Syringomyelia, Chapter 
XVII.) Glioma is an infiltrating tumor of the cowl tissue not sharply 
defined or encapsukted, but Ciius- 
ing a marked enlargement of one or Fig. 204. 

two segments. It may ki more 
extensive and involve the cord in a 
great part of its entire length. It 
dews not involve the meninges. It 
is very vascular, but rarely contains 
cysts as do gliomata in tlie brain. 

It gn)W8 very rapidly and is im- 
jwasible of removal. It is not in- 
fmiuently associateel with sawxima, 
but gliosarcoma often involves the 
meninges as well as the cord itself. 

Pnammma is a hawl oval tumor 
originating in the arachnoid or dura 
and lying upon the cord. It is 

Fia. 203. 
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sharply defined and chalky. It is not improbable that tlie small chalky 
plaques that are so common in the arachnoid on the posterior surface 
of the cord are the beginning of psammoma, but they rarely go on to a 
size that can compress the cord. A large tumor, four centimetres long 
and two centimetres thick, was found by Pal. This had given rise to 
symptoms for six years. These tumors grow slowly and, like fibroma, 
are easily diagnosed and removed. 

Myxoma is usually intradural, sometimes extradural, but never infil- 
trates the spinal cord. It is single, enmpsulatcd, vascular, and may be 
cystic, of slow growth, and is easily removed. 

Lipoma is often multiple, is intradural, more frequently tlian extra- 
dural, though occasionally masses of fat are found about the back and 
between the vertebne. It is a soft, encapsulated, fatty tumor of slow 
growth and easily removed. The other forms of tumor given in the 
table are so rare as to be cariosities of pathology. Endothelioma is a 
very snudl tumor, always meningeal and oftcu multiple. Mclauosar- 
coma occurs in the cord as a part of a general affection only. Neuroma 
is usually a fibroma located on a nerve root. 

The diagnosis of the variety of tumor present in any (!ase during life 
is rarely possible, though the facts already stated in regard to the 
rapidity of growth and the tendency to the apppearanco of tumors in 
other organs, or of multiple tumors of tlie cord may afford some hint 
as to the probable nature of the tumor. 

Malignant tumors are ten times as frequent as benign tumors. The 
situation of intramedullary tumors is usually in the cerviml or lumbar 
enlargement of the coni ; that of extrametlullary or meningeal tumors 
is chiefly in the dorsal region. If tlie two are taken together it 
appears that no part of the co^ - is particularly liable to tumor. 
Hence the situation of a tumor does nut throw much light upon either 
diagnosis or prognosis regarding operation. Tumors are much more 
commonly situat^ on the posterior and lateral surfaces of the cord 
than upon the anterior surface, hence they are not diflicult of access to 
the surgeon. 

Etiology. — Children are subject to tumors of the cord as well as of 
the brain. Of one hundred cases thirty occurred under the age of 
fifteen years, seventy above fifteen years. The oldest case recorded 
was sixty-six years of age. No age is peculiarly liable, but children 
are more liable to tuberculous tumors than to any other form. Glioma 
is next in fre<iuency in childhood. Gumma is a disease of middle 
life. Other forms are equally frequent at different ages. The sexes 
arc equally liable. 

Traumatism precetles the development of tumors in so many cases 
as to be justly regarded as a cause. No other cause is known. 

Symptoms. — The clinical aspect of intramedullary and extramed- 
ullary tumors is so similar that no absolute distinction can be made in 
any particular case. The important thing to determine is that a tumor 
is affecting the cord. This is first indicated by pain of an intense 
kind, neuralgic, sharp, shooting, burning, and agonizing, and persistent 
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in one locality. It is not, as a rule, increased by pressure on the nerve 
or attended by tender spots. There is no other disease; which causes 
such definitely localized recurring and persistent pain as tumor of the 
spinal cord, and in any case in which piin is continued for over a 
month in one particular part of the body, there being no local dis(;ase 
to explain it aud no evidence of spinal caries or carcinoma, a tumor 
may be suspected. The situation of the paiu will dtjpend on the 
position of the tumor, it being felt in the pirt of the IxMly (not in the 
spine) related to the segment or nerve root first affected. Thus in a 
tumor of the lower cervical region the pain wiis felt for weeks in the 
hand and forearm ; in a tumor of the upper cervical region, in the 
shoulder and neck; in a tumor of the sixth dorsiil si;gment, in the 
nipple and chest; in a tumor of the tenth dorsal segment, in the 
abdomen and groin ; in a tumor of the ciuida equina, iu the s<;iatic 
nerve. The pain becomes bilaterid after it lias persisted for a time ; 
but this may not occur until spinal symptoms develop. Such extension 
to the other side is, however, a very important diagnostic symptom. 
There is rarely any rigidity of the spine, and bending the buck does 
nut increase the pain. The painful urea is often hypenesthetie. 1 
have known two cases of spinal tumor which for some months were 
erroneously diagnosed as intercostal ncuRilgia, and one csisc was 8U|)- 
posed to angina pectoris. 

The direct spinal symptoms are those of compression and destruction 
of the segments on which or in which the tumor lies. They are 
atrophy and paralysis of the muscles, with reaction of deg(;neration, 
loss of reficx activity in their tendons, ansesth&sia in the skin, which 
may be attended by analgesia and thermic auassthesia, although these 
affections of sensation may occur independently and without loss of 
touch; and herpes zoster and trophic changes in the domain of the 
affected nerve. The existeuec of dissociated anaesthesia is not always 
due to intraspinal tumors, as it has been found in cases of extradural 
tumor, but in such eases it is usually temporary. 

The indirect spinal symptoms are those of spastic paraplegia of the 
legs, due to pressure upon the long tKicts traversing tlie segment 
affected. They are rigidity and wesikness with extq^rated reflexes, 
in the legs, an imperfect control of bladder and rectum, anaosthesia up 
to the level of the lesion, and a tendency to the development of bed- 
sores. They do not occur in tumors of the lumbar region, as tumors 
there cause atrophic flaccid paralysis of the lower extremities. 

Tumors of the cauda equina cause great pain in the sacral region as 
well as in all the nerves of the legs ; hence the pain is more widespread 
in these tumors than in tumors of the cord. The paralysis which 
follows is an atrophic one and is attended by reaction of degeneration. 
It may be limited to some one of the lumbar or sacral nerves and is 
rarely bilateral and symmetrical. Paralysis of the bladder and rectum 
are early symptoms. The facts presented in the chapters upm the 
diagnosis of local lesions and myelitis and injuries of the cord may be 
referred to, as they explain more fully these various symptoms. 
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It is to be remembered, however, that in no other form of disease of 
the oord do the sympUmis of transverse myelitis of gradual onset coin- 
cide with the symptom of persistent pain. When the symptoms are 
fully developed it is possible in some csises to elicit tenderness on pres- 
sure upon the spine over the tumor, and the patient is. often extremely 
sensitive also to heat or to electricity in the region of the tumor. 
Occasionally the symptoms of Browu-S6quard paralysis ap{>ear, as in 
a case of gumma under my care which was gradually absorl^ by 
treatment. 

Course. — The murse is progressive. The duration varies some- 
what according to the nature of the tumor. It is on an average about 
sixteen months from onset of symptoms to death. Death occurs from 
compli(}atiug bed-sores or cystitis. 

Diagnosis. — The diagnosis of a spinal tumor presents no difficulty, 
and should be made very early; in fact, as soon as spinal symptoms 
are associated with intense persistent jjain in one locality. The first 
question which arises is whether the tumor is single or multiple. This 
<!an be determined by the location of the severe pain, for it will appear 
in several regions if there are several tumors, and by the develoj)ment 
of mixed tyi)es of paralysis ; atrophic rather than spastic paralysis being 
the type produced by each tumor in the muscles related to the segment 
involved. 

The second que.stion is whether the tumor is intraspinal or extra- 
spinal. The Iwst summary which can be given at present of the points 
of differentiation is as follows : ‘ In favor of extramedullary tumors 
are long continued root ])iiins, long continued 2>uiu and tenderness in 
the vertebrae, paralysis of root distribution rather than nerve distri- 
bution, Brown-Secjuanl syndrome, and slow development of the symj)- 
toms. In favor of intramedullary tumor are an irregular course with 
suddim ap 2 )carancc of symptoms due to hemorrhage in the tumor, 
remissions, an absence of neuralgic pains at the outset, the develop- 
ment of dissociated anaesthesia as in syringomyelia and the absence 
of tenderness of the vertebrae. If the growth is very slow in its 
])rogress it is most likely to Ik; a fibroma, a psammoma, or a lipoma, 
and in any of these cases extrasjiinal. All malignant tumors are 
more rapid in the development of all symptoms than are benign 
tumors and arc attended by general cachexiji and constitutional 
disturbance, which are absent in benign tuniora. The fact of the 
previous occurrence of a tumor elsewhere and of an o|X!ratioa for 
it, which had InHin overlooked by the patient as having no bearing 
upon the case, has several times been elicdtcd by me and thrown light 
ujMni the nature of the tumor and its secondary occurrence in the spinal 
cord. I have seen three sarcomata in which this history was elicited. 
It is evident, then, that the nature and the location of the tumor, 
whether cxtraspinal or intraspiual, is always uncertain. 

The differentiation between a tumor and- caries of the siiine may be 
difficiilt in the early stage, of the latter disease ; but, as a rule, stiffness 
of the spine, great tenderness over the spinous process on pressure, a 

‘ Malais^ Deut. Arch. Klin. Med., Bd. Ixxx., S. 143, 1908. 
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marked increase of pain on motion or in walking, and general consti- 
tutional evidences of tuberculous disease, swolkm glands, febrile move- 
ment, etc., are present in caries and not in tumor. The appearance of 
kyphosis decides tlic question. Peptonuria is pre.sent in cascjs of tuber- 
culous abscess. 

The differentiation from carcinoma of the vertcbm is more difficult ; 
iu fact in many cases it is impossible until the discitsc of the vertebra 
is {mlpable and deformity is evident, though the previous history of 
the patient and the rapidly advancing cachexia msiy point to that dis- 
ease. I cjinnot agree with the statement of Gowers that the [win in 
ciircinoraa is greater than in spinal tumor, but in csircinoma it is more 
commonly felt in the spine itself as well as in the nerv(* distribution. 
Herpes zoster is rarely seen except in tumor. The examination of tlie 
blood gives little information, as hiucocytosis may be present in both 
conditions. But examination by Roentgen rays nwy Ik; of much service. 

Treatment. — In the early stage of pain analgesics of all kinds are 
to be used, but morphine will eventually have to be resorted to, as tin? 
new analgesics nirely quiet the pain sufficiently. Itest in bed cannot 
always be enforced, as patients may find that an upright position gives 
relief to the pain. Thus in one of my patients, who was found to have 
fibroma of the dorsal region on the post<?rior 8urfa<?e of the cord, a 
sitting [wsture leaning forward over the back of another chair was tlie 
only one in which the pain was relieved. In the majority of cases a 
series of inunctions of mercury cotnbined with the administration of 
huge doses of iodide of pofcissium hiis bcH?n tried. In <?jiscs of gumma 
this is <?urative, as I have seen in three cases, but it is to be remcm- 
lM?red tliat gumma is rare (twenty-eiglit in four lmndr(?d csises of 
<Schlesing(?r), and unless there is a previous history of syphilis no im- 
provement should be looketl for. In two of my Ciises precious time has 
been lost by such treatment. 

An operation is to be attempted as early as possible after the diag- 
nosis is reached. It should be undertaken with the understending that 
it is exploratory, but it should be urged as affording the only ho[x;. 
It is a bloody ojK'nition and one which takes much time and no small 
amount of skill; but it is not a dangerous operation if <lon(? asepticsilly, 
as shock is less frequent than in cerebral o[K?rations. The higher tlie 
tumor in the cord the greater the danger of cessation of respiration 
during the operation. This has occurred in two of my operations for 
cervical tumors, and caused much trouble, but did not prevent com- 
pletion of the operation. The most important preliminary to the 
operation is the determination of the exact level of the tumor in the 
spine. It may be elear to the examiner that the tumor affects a cer- 
tain segment of the spinal cord or rather that the symptoms indieate 
the up[H3r level of the lesion. The level of the pain and of the anses- 
thesia are the most reliable indications. But it is to be remembered 
that the symptoms will lie the same from a lesion of a segment or a 
lesion of its nerve roots at a point somewhat lower down within the 
spinal canal. Thus a tumor pressing on the roots of the sixth dorsal 
nerve opposite the eighth dorsal segment, where they issue from the 
29 
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cord, will give the same symptoms as a tumor in the sixth, dorsal seg- 
ment an inch higher. It is also to be remembered that the relative 
position of the segments and the vertebra vary, as already stated, page 
42. Hence in any oi>eration after the diagnosis of the level of the 
segment affected is reached and the probable relation of that segment 
to tlie spinous processes is determined it is well to make tlie initial 
incision a long one and to expose at least tlirec vertebrae, removing 
tlicir spines before exposing the cord. In one case of my own a con- 
genital maldevelopraent of one spinous process led to the count of the 
dorsal vertebrae lieing erroneous, and the cord was therefore cxjwsed 
one inch lower than was intended. In the majority of patients here- 
tofore operaUid ujion the tumor has been found somewhat higher than 
was expected. It is safe to say that in the dorsal region it is four 
inches higher than the level of the anaesthesia on the back. When the 
dura is exposed over a region at least two inches long, if pilpation does 
not reveal the tumor, it is well to lay bare another inch before ojrcning 
it, and it is better to go higher than lower. The dura shouhl pulssitc, 
but does not do so near a tumor, esijccially luilow it. I have seen tlie 
contrast between pulsation above and no pulsation below a tumor when 
the dura was exjiosed. In all esses, even in those in whiik an extra- 
dural tumor is found, it is well to open the dura. In some cases a 
second tumor lies within. There is usually much cedema of the arach- 
noid alxint a tumor. This subsides on incision. When the tumor is 
found it can sometimes be easily lifted off' the <!ord. In other cases it 
must lie dissected away. In some cases it must be shelleil out of the 
cord or even cut out if it is diffuse. Division of the cord should always 
be in a longitudinal dimition, and it is lietter to cut wedge-shaped pieces 
out of the tumor tlian to tear it out. Intraspinal tumors usually recur. 
In regard to the technique of the operation, the measures of asepsis, the 
control of hemorrhage by compresses, the careful division of dura and 
pia, and ligation, of bleeding spinal vessels, the proper means of stitch- 
ing the dura and closing tlie wound, reference must be made to suigical 
text-books. It is an important thing to keep the jiatient in the prone 
position or on the side as long as possible after the operation to prevent 
undue drainage of spinal fluid. The loss of spinal fluid after an opera- 
tion may be considerable without any permanent ill effect. 

Recent recowls ‘ show that 136 tumors have been successfully re- 
moval from the spinal canal, 29 of which sprang from the bone. In all 
of these cases the tumor was found, although in several of them it lay 
at a level somewhat higher than that at which it had been originally 
located, and in all but thi-ee of these cases it was possible to remove 
the tumor. Many of these cases were successful, as the patients 
recovered not only from the operation but were very much improved 
some months afterward when the eases were reported. In some of these 
cases operation was partially successful, the patients recovering from 
the operation but not being materially improved by the removal of the 
tumor. In all of these eases degenerations had occurred in the spinal 
cord. These remained after the tumor was taken away. Had the 
‘Flatau. Deut Zeitoch. f. Nervenh., Oct. 15, 1008. 
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operation been performed at an earlier date in the course of the disease 
there is no doubt that these cases, too, would have been successful. In 
the remainder of the cases the operation failed to relieve, and the patients 
died. In several of these cases the death was due to shock, the opera- 
tion being greatly prolonged and hemorrhage being excessive. With 
present methods of technique this appears to be avoidable. The chief 
danger in the operation lies in the hemorrhage from large veins in the 
muscles and about the bone. Such hemorrhages cannot be arrested by 
tying the vessels, and must be treated by pressure. If, therefore, in 
the course of the operation as tissues are divided, pads held in pliice by 
retractors are pressed into the wound, such hemorrliage may be to some 
extent avoided. Another cause of death has been meningitis of a septic 
nature, and tliis, too, may be avoided by care in the preservation of 
perfect asepsis. 

The terminal result of an opersition will depend wholly on the degree 
to which the cord has been compressed or destroyed. If degeneration 
has set in no permanent recovery mn lx; expected ; but if the o[)era- 
tion is done in an early stage a great degree of benefit is obt!iine<l and 
a slight degree of spastic paraplegia only may remain. In any case a 
successful operation saves life and arrests the progress of the distiuse, 
even if the patient remains a paralytic. In the majority of the suc- 
cessful ami unsuccessful operations hitherto reportc'-d the result would 
have been better had the 0 |Hiration been done sooner. A prompt 
surgical interference as sfwn as tlie diagnosis is made csinnot be too 
strongly uiged. In case the tumor ciinnot be removed a division of 
the posterior nerve roots is to be made above and at the level of the 
tumor for the relief of the pain. 

Careinoma of the spinal cord is inoperable. In sarcoma the chances 
are about even that the tumor can be removed. Tubercles can some- 
times be taken away, even from the anterior surface of the coni, as in 
a patient operated on for me by McBumey ; but the danger of a gen- 
eral tuberculous aficction of the meninges 8ubse<iuent to the ojxjration, 
which occurred in this case, or of a reciurrence, or of development of 
tubercles elsewhere, is to be remembered. Fibroma, psammonm, lipoma, 
myxoma, osteoma, and cysts are easily removed, and do not leave any 
damage to the cord if taken away early. 

The treatment of complicating cystitis and bed-sores is described in 
the chapter on myelitis. 

V. ANEUBISM OF THE AOBTA. 

An aneurism of the aorta may erode the vertebras and produce a 
gradually increasing pressure upon the spinal coni. In some cases 
the physical signs of such an aneurism arc present, and there is no 
difficulty in the diagnosis. In other cases, however, as in one of my 
patients, the aneurism lying deep in the mediastinum upon the <lia-^ 
phragm cannot be detect until the pressure symptoms appear. These 
resemble the symptoms of spinal tumor, the compression of the nerves 
and of the cord producing similar pain and paraplegia. There is 
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sometimes, however, a difficulty of movement, especially of rotation of 
the spinal column, which does not occur in spinal tumors, and the 
symptoms may suggest carcinoma of the spine or caries of tlie spine 
ratlier than tumor, although no deformity appears until the l)ody of the 
vertebra is enxled. The appearance of kyphosis in such a case is not 
accompanial by any tliickcniug of the tissues about the spinous process 
of tlie vertebra or about its lamime, and there is less tenderness of the 
spine than in these diseases. In any case, however, in which symp- 
toms of compression myelitis appear the possibility of an aneurism is 
to be considered and its physical signs looked for. 

VI. PACHTMENINaiTIS OEBVIOALIS HTPEBTBOPHIOA. 

Pathology. — This disease, first described by Cliarcot, presents all 
the symptoms of a compression myelitis of the ce,rvical region of the 
spinal cord of rather rapid pr«)gress. The lesion consists of a fibrous 
thickening of the dura mater with amsecpient compression of the cord 
and especially of the nerve roots in their passage througll the dura. 
As a result of this thickening of the meninges there is usually a 
secondary annular myelitis in the periphery of the cord at the jufint 
of implication ; hence the affection is nally a meningomyclitis of the 
cervical enlargement. J u chronic fibrous psichymeningitis hemorrhagtis 
within the dura or in the newly-formed layers of tissue upon its inner 
surface, such as occur in pachymeningitis of the brain, are not un- 
common. The thickene<l dura not uncommonly becomes adherent to 
the pia, layers of connective tissue uniting both, and attendant upon 
these changes there is usually thickening of the blootlvessels. The 
pressure of the newly-formed tissue is exerte<l chiefly upon the nerve 
roots as they pjiss through the dura, and these are found embedded in 
the fibrous mass. 

If the proee.ss does not cease with the mere thickening of the dura, 
connective tissue is produced along the lines of the bloodvessels into 
the coni. The result of the compression of the spinal cord and of its 
vessels is a degeneration of its tissue. There is also frequently a for- 
mation of gliomatous masses and the occurrence of secondary de- 
generations. In the majority of the eases the discstse is of syphilitic 
origin. Changes similar to those described in compression myelitis 
follow. 

Symptoms. — The symptoms of this disease are identical with the 
symptoms of chronic myelitis of the cervical region of the cord. They 
differ somewhat in their distribution, according as tlie upper half or 
lower half of the cervical enlai^ment is first involved, and they have 
been divided by Charcot into several stages : first the stage of pain ; 
second, the sta^ of paralysis with contractures; and third, the stage 
of spastic paraplegia secondary to the compression. 

Tlie pain in the affection is felt in the back of the neck, possibly in 
tlie liack of the head, and is attended by great stiffness of the neck 
witli a tendency to licnding forward of the head and difficulty on any 
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lateral motion. Pain is also felt in the distribution of the nerve roots 
of the lower or upper half of the cervical cularjrement, namely, in the 
hands or in the arms. Such pains are of an intense neuralgic char- 
acter, as in any condition of mmprcssion myelitis, and are attende<l by 
anaesthesia and parsesthesia and sometimes by muscular spiisms or 
tremor. After a period of two to five months symptoms of i)araly8is 
appear in the muscles, with atwjphy and reaction of degeneration. 
These may be limited to the ulnar and median distribution if the 
lower half of the cervical enlargement is invadeil, or to the musculo- 
spiral distribution if the upper half is involved. Charcot destiribes 
certain deformities of the hand and wrist due to panilysis {iimiii cn 
griffc), but tliese are in no way characteristic of the disciisc, iiuismuch 
as they may be present in any affection pnaluciiig paralysis of either 
the extensor or flexor muscles U|K)n the arms an<l fimsarins, with conse- 
quent contracture of their opponents. Thus drop-wrist or claw-han<l 
may be symptoms appearing in this disease. If tlie lowcir part of the 
cervical enj^rgement is aflec,tcd there may be paralysis of tlie sympa- 
thetic nerve. If the affection docs not come to a standstill, and the 
pressure affects the spinal cord to a degree sufficient to (siuse a <lc- 
generation of the tracts passing throngh it, a spastic jMiraplcgia 
gradually develops, constituting the third stage of the alfwition. Such 
a condition nuiy bo of long duration and slow progress, ])atients having 
been observed in whom it lastol twenty years. 

I have seen s(!V<!ral patients in whom it sccme<l probable from the 
symptoms and course that a hypertrophic pjichymeningitis of the lum- 
bar region was present. I have no jmtliological proof to offer, but I 
am convinced that it will be found. The symptoms ntsemble in 
character those described as occurring in piichymeningitis of the 
cervi(!al region, but are niiinifested in the lower extremities, pain, 
rigidity, and paralysis with tali{>es developing slowly and being of 
long duration. 

I^ognosis.— The prognosis is fairly good if the dis(>ase is <liag- 
nosticated in its early stage. 

Treatment. — The frequent application of the actual cautery to the 
back of the neck, with the usts of inunctions of mercury and large doses 
of iodide of potash, is not infrequently followed by a cure. This will 
always awaken the suspicion that the lesion is syphilitic in origin, 
though such suspicion may not be confirmed by lavtliological obstirva- 
tion. Applications of tincture of iodine to the neck and back some- 
times give relief. Antineuralgic remedies will be rcquire<l, and for 
the treatment of the paralysis such measures as are describe<l for the 
treatment of lesions of the brachial plexus and of 8|)a8tic paraplegia 
may be employed. 

The impossibility of stripping off the thickened membrane from the 
cord without producing laceration of the cord and excessive hemor- 
rhage renders surgical treatment impossible. 



CHAPTER XXIV. 

LANDRY’S PARALYSIS. ACUTE PROGRESSIVE PARALYSIS. 


This disease, first described by Landry in 1859, is an acute ascend- 
ing paralysis attended in many ca.st!8 by febrile symptoms and consti- 
tutional disturbances that, in the light of our present knowledge, indi- 
cate an acute infcMStion. It begins in the form of paralysis of the lower 
limbs and ascends rapidly to the body, to the arms, and to the respira- 
tory muscles, causing dciith within a few days, either from respiratory 
paralysis, from disturbance of the power of swallowing, or from hcsirt 
failure. It is very rare for the disease to come to a sudd^ standstill 
and for recovery to ensue. * 

Ever since the original description of Landry observers all over the 
world have occsisionally seen cases corresponding pretty closely to the 
description given by Landry, excepting that in some cases stuisory 
symptoms of the naturti of a rapidly advancing amestliesia have Ixien 
present ns-soeiated with the paralysis. More careful ob.s<!rvation of 
teinj)erature than was customary in Landry’s time has demonstrated 
the fact that in the large majority of cases a febrile movement accom- 
jamies the disease. Smsh febrile movement was present in a case under 
my own observation. In this case the general appearance of the 
pitient, the enlargement of liver and spleen, a condition of jaundice, 
vomiting, diarrhoai, and acute nepliritis all suggcisted strongly a <!on- 
dition of infection. The psiralysis became complete in the course of a 
week, when the patient diet!. 

Wcstplial described a csise quite similar in its rapid course to that of 
Taindry’s original ease, but in it the disease was a descending rather 
than an as(»;nding one in its progress. Hence tlie asexsndiug character 
of the affection as described by Landry must not be considered essential 
to the diagnosis. In a few cases the escape of tlio bladder and rectum 
has not been complete, and incontiuenco of urine and feces has occurred. 
In a few cases, where the disease has laste<l beyond a week, reaction 
of degeneration has developed in the muscles ; hence the various diag- 
nostic signs of the disease as laid down by Landry have gradually 
been eliminated, and we have to speak of Landry’s paralysis as in- 
cluded under acute progressive total paralysis. 

In the majority of the cases recently recorded the distinctly infectious 
appttarance of the patient, as already mentioned in my case, has been 
prominently noticed, and it seems at present to be the general consensus 
of opinion that in Landry’s jmralysis we have an acute infectious dis- 
ease which produces rapidly advancing paralysis. 

Pathology. — The lesions found in various cases of Landry’s par- 

454 



SYMPTOMS. 


455 


alysis have differed widely. The early observers found no lesions, but 
their methods of observation were very imperfect, and hence their con- 
clusions cannot be accepted, especially as later investigators have almost 
uniformly found some changes in the nervous system. Many pathol- 
ogists have found changes in the spinal cord consisting practically of 
a widely disseminated acute myelitis, with vascular and perivascular 
inflammiitory conditions, with acute degenerative processes, and with 
all the characteristic appearanws seen in cases of very acute myelitis.* 
Other equally reliable observers have considered Ijandry’s paralysis a 
multiple neuritis and have described numerous changes in all of tlie 
peripheral nerves and in the nerve roots.* In tliesc cases no changes 
in the spinal cord have been found. Unfortunately, us yet bacterial 
examination of tliis disease has failed to reveal the existence of any 
special germ, though in recent cases various micro-organisms have been 
discovcrefl ; typhoid bacilli, pneumococcus, staphylococcus, diplu<‘.occus, 
etc.* The probable theory, however, is that it is a distsaae of acute 
infectious origin, the germ or toxin of which affects the entire nervous 
system botli in its periphery and in its central organs. In some cases 
the lesion is found in the nerves ; in others in the neurone bodies in 
the spinal cord; in others, still, in the pons and cerebral axis, the 
sjjecific; action being greater on the motor than on the sensory |K)rtion 
of the nervous system. The corticnl neurones esesape. This hyjiothesis 
would give an cxplamition for the rare cases of acute bulbar palsy or 
acute ophthalmoplegia followctl by descending paralysis, the majority 
of which go on to a fatal termination in a very short spao^i of time. 
I’he cnusatioii of the disease is more likely to be a specific infection, 
inasmuch as autepsics in later cases have demonstrated changes in the 
viscera, the liver, the spleen, the kidneys, and tlie lymph glands such 
as are commonly found in other acute infectious disesuies.* Its wiusii- 
tion also finds a certain amount of support in the fact that a number 
of cases of Landry’s paralysis Irnve developed in the courae of or sub- 
S(!quently to other acute infectious diseases. 

S]nnpt0ia3. — The disease logins suddenly and affects, first, the 
mns(;lcs of the lower extremities, producing a rapidly incrtaising flaccid 
jjaralysis with total disability to move the mustJes voluntarily. There 
is no tremor, no contracture, no spasm or cramp in the musciles, and 
percussion of the muscles does not produce any muscular contraction. 
There is a loss of tendon reflexes. The electrical reiictions are not 
changed, but this is probably because the duration of the jairalysis is 
not sufficiently long to warrant the appearance of a reaxition of degen- 
eration. There may l)e numbness in the legs, but there is rarely pain. 
The pjiralysis advances rapidly from the legs to the thighs, then to the 
muscles of the trunk, so that the patient can no longer retract the 
abdomen or sit up in bed ; it then advances to the niuscles of the back 
and of the thorax and of the arms, until finally all the muscular system 

* Bailey and Ewing, New York Medical Journal, July 4, 1896. 

* Barth. 1890. 

* See Brain. 1903. Spring number. 

*T. IMller, Journal of Nervoua and Mental Disease, October, 1902. 
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up to the neck is paralyzed. It theo advances to the muscles of deglu- 
tition and of speiseh and to the face, so tliat an absolutely total par- 
alysis of the entire muscular system of the body, including that of tlie 
eyes, may occur before death. When the arms are affected the par- 
alysis begins in the fingers and creeps up tlic arm as it did up the leg, 
and here, too, there is no tendency to contracture or deformity. The 
limbs are wholly given over to the action of gravitation, muscnilar tone 
lasing abolishe<l. The bladder and rectum usually remain in a normal 
condition, though in a few cases they have been paralyzed. Sensory 
disturbances in some cases do not appesir at all. In other tases the 
gisneral senses of muscular fatigue and very intense feelings of numb- 
ness and formiesation may Ih) felt, but examination usually fails to 
reveed any markeel anaesthesia. The patient’s eonseiousnoss remains 
clear to the very end in the majority of cases. Acconling to Landry’s 
account of tlus disease, it may run its course in some cases within three 
days, in otlusrs it may be longer, up to two weeks, and a large majority 
of patiesnts die. In a few cases the diseases comess to a stanclstill ; 
remissions occur, which may be followcsd by an exacerbation and death, 
or by a slow recovery. 

The prw/noms is very grave, and the treatment can only be of a 
gencsial character, snch as would be used in any aesute infection or in 
acute myelitis. Ergot has been reconimcsnded in larges doses, but this 
seems to be an empirical suggestion with no mtional basis. Antisc'pties 
treatment by hyiKsderinies injections of esarbolies acid or of formalin 
injoestions into the veins might Ise tried. Urotnspin 10 grains esvery 
three hours by the mouth is to be usesl. 



CHAPTER XXV. 

SPINAL MENINGITIS. 


EtioloSfy. — Acute meningitis limited to the spinal cord develops 
after various forms of disease of the spinal column or of the diini mater, 
especially after tuherculous and malignant disciise. It may occur as 
the result of any form of injuiy of the spinal column or of tlie spinal 
cortl, especially if that injury involves a lacemtion of the surface and 
opens the way for the ingress of germs. Aciute spinal meningitis nuiy 
also develop sis a complication of acute myelitis sind myelomsdsicia from 
siny csiuse. It may also arise as a complication of Inid-sores, the septic 
sigent having direct siccess to the meninges, either through the vess<‘ls 
or along the nervss trunlts. It msiy develop also by extension of a 
meningitis of the base of the brsiin, esjMHually after otitic meningitis. 
The most common e:iu.se of acute miuiingitis is the presence of sonu! 
infectious agent in the blood as the result of pneumonia, typhoi<l fever, 
rheumatism, furunculosis, tulHirculous dis(.*a.so unywhert', or any of the 
infectious diseiiscs, or scpticiemia. Exposure to cold is mentioned as a 
possible «!ause, though this is <|uestionable. 

Epidemic cerebro-.spinal meningitis is describetl in Chapter 
XL. 

Pathology. — On opening the spinal canal an a<!cumulation of fluid 
is found between the dura and ))ia, inflitrating the meshes of the 
arachnoid, and this fluid may be purulent. Here and there on the 
surface of the cord arc collections of pus or of thick fibrin and pla.stic 
material and gelatinous mas-ses. Fibrinous exudations u|k>u the sur- 
face of the cord in the pia are evi<lent at places. Thus the usual 
proofs of an inflammation of a serous membrane, scrum, fibrin, and 
pus are found irregularly scattered, or filling up all the mcsslies of the 
arachnoid and covering the pia. The bloodvefiscls are disteruliKl with 
blood, and small hemorrhages may be found. There is a close ailhesion 
of the pia to the cord, and frequently also to the dura. Meningitis 
may extend to the nerve roots at their points of exit through the mem- 
branes. On microscopic examination an extensive congestion of the 
finer bloodvessels of the meninges and of the arteries entering the 
periphery of the cord is evident, and there is an exudation of cells 
about the bloodvessels both in the pia and in the periphery of the cord. 
Capillary hemorrhages are frequently observed in the pia and within 
the cord, together with masses of fibrin and collections of pus. (Ede- 
matoas swelling of the various layers of the pia and the prcsluction 
of connective tissue, with a marked thickening of the pia layers, are 
generally present. Changes are uniformly observed on the nerve roots 
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and also in the spinal cord. The nerve roots show swelling of the 
axis cylinder and destruction of the myelin sheath, with all forms of 
degeneration in the nerves. There is also a congestion of the vessels 
of the iHjrinenrium and endoncurium and an exudation of leucocytes 
and small (ksUs. The spinal cord is usually affected to the depth of 
one-half centimetre from the surface ou all sides. Fine, smdl-cell 
infiltration is evident along the bloodvessels, and many leucocytes are 
found within the o^)rd. The vessels are distended and occasionally 
ruptured. Swelling of the axis cylinders of the white columns, seg- 
nientation of the myelin, and general degenerative processes in the 
nerve fibres of the cord are present, and these appear to be more 
intense near to the bloodvessels, and sometimes can be found at a con- 


Fio, 205. 



Acuro montDgomyciittfi. nociion inronga ino anionor ooraor oi ino spinai coni ami ni«uiuKCi*i 
showing iniUtratloii of the tissues by inttammatory products. (Mariiicsco, luteraatloiial Medical Con- 
gress, Paris, IIHK). ) 

siderablc depth from the surface of the coni, especially along the larger 
arteries. Thus weilge-shaped regions of degeneration, apex inward, 
may lx; disciovered in the cord. These changes are usually more in- 
tense in the posterior and lateral columns than in the anterior columns. 
There is usually a tendency to an increiise in the glia and to a connec- 
tive-tissue production, and if the condition goes on to a chronic stage 
small plaques of connective tissue and sclerosis may be produced. 
Similar changes are observed in the medulla oblongata if the disease 
extends upward to the brain. If the disease does not prove fatal there 
may be left, as a result of an acute meningitis, a chronic permanent 
thickening of the pia mater with adhesions td the dura mater and with 
sclerosis of the spinal cord and chronic degenerative processes in the 
nerve roots. In the case' of the anterior nerve roots these may extend 
outward'to the peripheral nerved 
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Spiller* has described a form of meningitis which he terms circum- 
seril^d serous meningitis, the lesion consisting of a collection of clear 
fluid in the pia-arachnoid, forming a cyst which presses upon the cord, 
causing symptoms like those of a tumor. The origin of these cysts 
is unknown. 

Symptoma. — Acute meningitis usually develops suddenly with 
fever, chill, and marked constitutional disturbances, with all the phe- 
nomena of a febrile movement — malaise, nausea, and diarrhoea — and 
in addition, with local symptoms referable to the spinal cord and 
especially to irritation of its surface and nerve roots. These symp- 
toms (iousist of severe pain in the back and radiating pains about tlic 
body and down the limbs, which are greatly increasetd by movement 
or by pressure or by any irritation of the surface. They are soon fol- 
lowed by a condition of stiffness of the back and of the neck, so that 
the entire body is held rigid, and all attem2)ts at movement are resisted 
because of the increased pain thereby produced. An actual rigidity of 
the muscles of the back <if the neck oin be felt, and this nniy increitsc 
to the point of opisthotonos, especially in children. The pains of 
meningitis are of a neuralgic character and are very constant and fre- 
quent. They shoot from the back around to the front of tlie iKnly, 
and tht^y shoot up and down the arms and legs. They are attended 
by hyjteraesthcsia and hyperalgesia of the skin, so that all touch or 
handling of the surface is unendurable, and the 2)atients very often are 
unable to iKsir the weight of the bed-clotliing, which hits to l)e su|j- 
ported by a basket arrangement in the bed. This hypcirsensitivcuess 
is often attended by spjisms of the miisidcs and twitchings of tlie 
limbs, and these cramps are often very painful. Kernig luis noticed 
that if these patients are made to sit np in bed the legs arc always 
drawn ui>, with flexion of the knee. The 1 (^ cannot be extended on 
account of the contracture of the flexor muscles. In the course of a 
few days, as the result of the infliimmation and degenerative changes 
in the nerve roots, anrasthesia may develop in the parts that have been 
painful, and in some cases paralysis with atrophy develops in the 
muscles. This is usually noticed first in the legs, and is subsequently 
attended by an increase of the knee-jerks and the dcvelopmcsnt of 
ankle clonus. Later on, if the paralysis becomes extreme, the reflexes 
may I)e lost. Within a few days of the onset disturbance in the action 
of the bladder develops, there being, fre<juently, retention of urine, 
requiring the use of a catheter, and obstinate constipation ; later on in- 
continence may ensue. A tendency to the development of Ixjd-sores 
is observed in all cases, and the skin must be cared for by constant 
change of the position and by proper support upon an air-l)ed or 
water-bed. Vasomotor disturbances are common in the shape of 
flushings or sudden pallors of the skin, and at any point ujmn the 
body a red line will appear after the skin is irritated by a sharp object, 
such as a pencil or nail (tdehea eirfhrala ou Hpinales). 

The course of the case is often a rapid one, and within a week im- 
>Amer. Jour. Med. Sci., Jan., 1909. 
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plication of the muscles of respiration or an affection of the pneii- 
mogastric nerve produces death from respiratory or heart failure. 
It may be preceded by very rapid, irregular respirations, by Cheyne- 
Stokes respiration, or % intermittent, irregular pulse. In the naijority 
of the cascis the meningitis extends to the cranial cavity, and cerebral 
symptoms, convulsions, and cranial nerve palsies develop just licfore 
death. In other cjises the pr(^res8 of the ciise is less rapid, and two 
or three weeks pass before the symptoms l>ecome severe enough to give 
rise to alarm, and the patient may, even after the most severe sym})- 
toms, gradually recover, though frequently a state of chronic meningitis 
is left in which paralyses, muscmlar atrophies, irregular plaques of anees- 
thesia, and disturbance in the action of the bladder and rectum remain 
for many months. 

In the circumscribed serous meningitis of Spiller the symptoms 
were tliose of u spinal tumor, pain and paraplegia slowly developing 
— and these cas<‘8 were siuioessfully treiite<l by (q)eration for the sup- 
posed tumor ; the cyst being emptied. 

Diagnosis. — The diagnosis of acute; meningitis is much aided by 
Quincke’s lumbar puncture (see page 1-50). 

In cases of meningitis the fluid (;ontain8 leucocytes, and bacteria of 
various kinds have been fonml in the serum — tube'nsular bacilli in 
tuberculous patients ; the streptococcus, pneumococcus or diploeoecus 
in other cases. The mere withdrawal of the fluid where the intni- 
spiual pressure is great is followwl by great relief of the symptoms, 
notably the pains and spasms of the Iwuik, and (iuineke’s punctun; 
may be done not merely as a diagnostic but also as a therapeutie 
measure. 

Prognosis. — The prognosis in acute meningitis will depend some- 
what upon the causc, and is more unfavorable in tuberculous crises than 
in 2 )urely septic cases. The meningitis following pneumonia and tyidioid 
fever usually recovers. 

Treatment. — The treatment of meningitis consists in absolute rest 
in bed. An air-bed or water-be<l should be employed early on account 
of the tendency to bed-sores. It is preferable for {>aticnts to lie upon 
the sides rather than upon the back. Cold-water appliciitions, or ice- 
luigs, should be applied to the spine. Blisters or the actual (niutcry 
nuiy Ik* applied along the back. Cupping also may be used, either wet 
or dry, according to the general condition of the individual. The 
general constitutional disturbances must l)e treated by hixatives and by 
antipyretics. The pains require seclatives, either bromides in lai^ 
doses or bromide and chloral together, recourse being had to opium if 
the analgesics, phcuacetin, etc., fail. 

GHBONIO MENmOITIS. 

Pathology. — A few cuses of chronic meningitis begin in an acute 
propess, but the majority ‘develop as a chronic syphilitic inflammation 
ftom the start. In chronic meningitis there is no production of pus 
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and veiy little fibrin, but simply a connective-tissue formation with or 
without an increase of serum. In all cases the result is a congestion 
and distention of the bloodvessels, a leucouytosis and round-cell infil- 
tration of the membranes of the cord and of the nerve trunks, and a 
thickening of all the tissues involved. A chronic degenerative process 
is usually set up in the spinal cord, especially in the periphery of the 
cord, giving rise to a chronic meningornyelitis. In fact, the majority 
of cases of chronic meningitis are associated with chronic myelitis of 
low grade and slow course. 

In chronic meningitis of syphilitic origin gummy exudations or 
gelatinous masses are found all through the me.shes of the pia mater 
and arachnoid, and very often surround the nerve roots. Thus in the 
case reported by Buttersack (Fig. 200) tlie gelatinous msiss surrouudtHi 
both the cord and the nerve roots and was attended by a round-cell 
infiltration of the cord itself. In syphilitic meningitis the blood- 
vessels are thickened, both veins, arteries, and capillaries, and the 
lymphatics show deposits in their walls and an infiltration with small 
(sells. The changes in the bloodvessels accomj>anying a syphilitic 
meningitis are those found in all forms of obliterating endarteritis, 
and very fmiuently are attended by obliteration of the lumen of the 
vessels. In ’the syphilitic forms of chronics meningitis wedge-shaped 
plaques of connective tissue are found in the spinal cord, irregidar 
regions of sclerosis, and a round-cell infiltration all through the white 
matter of the coni, which octjjisionally penetrates as deeply as the 
gray matter. In the syphilitics forms of mesningitis these Icssions, both 
of the meninges and the cord, may be continuous over a csonsideniblc 
distance, or they may be disseminatcKi irregularly through cither 
enlargement or through the entire cord. 

Symptoms. — The course of a case of chronic- meningitis differs from 
that of acute meningitis only in the absence of fcl)rile onset and in 
the slower development of the various symptoms. The sames stiffness 
in the back and limbs, tendency to cramps, shooting pains, hyper- 
ffisthesia, paralyses, anaesthesia, and disturbance in the metion of the 
bladder and rectum, develop slowly, together, or in succession. 

Diagnosis. — The diagnosis of the condition is usually very easy 
from the symptoms that are presemt. Ordinary pains in the back, 
even when attended by rigidity and by some neuralgic pain and oc- 
casional cramps, are not sufficient to csteblish a diagnosis, as they may 
be due to neurasthenia, may appear in traumatic neurosis, or may 
follow slight falls and injuries of the back. Under these circum- 
stances, however, the intensity of the symptoms is much Iccss than in 
meningitis, and in case of doubt Quincke’s puncture will fail to reveal 
the existence of an increase of cercsbro-spinal fluid. Mu«jular rheuma- 
tism may produce a severe psiin in the back with more or less tender- 
ness in the muscles and in the spine, but never goes on to develop the 
other symptoms of meningitis already mentioned. Myelitis, though 
frequently attended by a complicating meningitis, is not, as a rule, 
attended by pain of as intense a charaeter, and there are few neuralgic 



462 


SPINAL MENINGITIS. 


pains and no tendency to a spasm or cramps in the muscles or to 
rigidity of the back. 

Treatment. — In the chronic cases a thorough course of inunctions 
of mercury, followed by iodide of potash in full doses, from twenty to 
one hundr^ grains, three times a day, will be of service not only in 
the syphilitic but also in other csises. Cautery applied to the spine 
will give relief to many of the pains and to the stiffness. Massage and 
long-continued warm baths, or spinal douches, or sponging of the spine 
alternately with hot and cold water, are also of service. The general 
strengtli of the patient should be supported, and all forms of go^ food 
and tonics should be used freely. 



SECTION 111. 

DISEASES OF THE BEAIN. 

» 

CHAPTER XXVL 

THE CEREBRAL CIRCULATION. 

The majority of cases of brain disease which are met with in prac- 
tice are duo primarily to disejise of the bloo<]ve8sj>ls. Endarteritis 
muses thromlmsis and emlwlism, and, also, by the final weakening of 
the vessel wall, rupture and hemorrhage. In the former raise necrosis 
of the brain tissue is produced, with arrest of its functions. In the 
latter ease laceration and destruction of the brain tissue is caused with 
both irritation and arrest of function. Hence a knowle<lge of the dis- 
tribution of the cerebral bloodvessels is a ueccssjiry preliminary to a 
study of tlie various types of apoplexy. 

The bhxKl reaches the brain through the vertebral and internal 
mrotid arteries. The vertebral arttiries unite to form the basilar, 
which in its course gives off* the arteries of the cerelaillum and pons. 
The basilar divides into the posterior cerebral, which supply tlie thal- 
amus, the tegmentiun of the crura, the coriMira quadrigemina and crura. 


Fio. 206. 



Showing distribution of bjoodroaoels to Internal captiale. The artery marked a la the eo^lled 
artery of ocrebntl hemorrhage, and it li readily seen that Ita rapture dcstroya the flbrea In tbo interual 
capaula (Duret.) 


and tlie temporo-occipital basilar part of the hemispheres. The pos- 
terior cereb^ send the posterior communimting arteries forward to 
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join tlie internal carotid. These too send small vessels into the basal 
ganglia. The internal carotid divides into the middle and the anterior 
cerebral, the latter being united by the anterior communicating, which 
thus completes the circle of Willis. From the arteries composing this 
circle many little branches perforate the base of the brain supplying its 
basal ganglia. 

The middle cerebral artery, passing outward through the fissure of 
Sylvius, gives ofi‘ in its course many basal arteries which enter the 
anterior perforated space. These ascend through and outside the len- 
ticular nucleus and supply the internal capsule and the anterior part 
of the optic thalamus. (Fig. 206.) The middle cerebral artery divides 
as it pfisses outwanl into several branches which radiate over the island 
of Reil, and spreiid outward over the convexity of the brain supplying 
the greater part of the lateral surface. (Plate XXII.) The lai^er 
branches go to the third frontal convolution, to the anterior and pos- 
terior (scntral convolutions, and along the fissure of Sylvius. The 
Sylvian artery gives off numerous branches to the operculum and 
supramarginal convolution above and to the temporal convolutions 
below, and finally terminates by spreading out over the parietal lobules 
and the convolutions joining the temporal and occipital regions. 

The anterior cerebral artery passes forward, supplying the base of 
the frontal lobe, then curves upward on its median surface, sending 
numerous branches over the edge. It supplies the median surface of 
all the frontal convolutions and a small {mrt of the cortex of the lateral 
surface near to the median line, excepting the thinl, which receives its 
supply from a brunch of tlie middle cerebral. Its terminal branches 
puss backward as far as die enneus, anastomosing on the way with the 
terminals of the middle cerebral artery, and with those of the posterior 
cerebral artery. 

The anastomostis of the cortical terminal vessels are most perfect, as 
shown in Plate XXIII. But many of the small basilar vessels have 
few or no anastomosis with adjacent branches, and hence have lieen 
called terminal arteries. The effect of an embolism in such arteries is 
to cause an area of necrosis which is permanent. The basal arteries 
do not anastomose freely with the cortical arteries, and hence the white 
matter lying above tlie basal ganglia and beneath the cortex is relatively 
imperfectly supplied with blood. Tliis protects it from the occurrence 
of hemorrhage, but predisposes it to softening after thrombosis or em- 
bolism. The cerebellum is supplied by bloodvessels which arise from 
the vertebral, basilar, and posterior cerebral arteries. The blood 
supply of the crura cerebri and pons and medulla is derived from 
branches of the basilar and posterior communitating arteries. 

It is evident that the effect of an embolism or thrombosis in any of 
these vessels may be a very small or an extensive necrosis of tissue, 
according to the size of the vessel plugged. The extent of a hemor- 
rhage in the brain will also depend on the size of the vessel ruptured. 
There are certain ves^ls in which embolism and hemorrhage are more 
^mihon than in others. The small vessels, which enter the base 




The Vascular Supply of the Cerebral Cortex. (Dejerlne.) 

The regions supplied by different arterial branches are shown in different colors 

The median surface. -Branches of the (Ulterior cerebral artery. Fia. Anterior frontal. Fim, 
Middle frontal. Fip. Posterior frontal, Branches of the iKisterior cerebral artery. OTa. Teinporo- 
occipital anterior. OTm» Temporo-occipital median. K, Caicurlue. 

The latcrd surface. • Branches of the middle cerebral artery. Fi, Inferior frontal. Fa. Ascend- 
ing frontal. Pa. Ascending parietal. Pt. Inferior parietal. Pc. Angular. Ta. Anterior temiMyral. 
Tm. Middle temporal. Tp. Posterior temporal. 
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through the anterior perforated space come off from the upper surface 
of the internal carotid artery or the middle cerebral. The current of 
blood rushes directly into these, as it is forced up from the heart 


Fio. 207. 



Superflclal velDs of the external surface of the icU hemisphere. 1. Great anastomotic vein of 
Froland. 2. Lateral sinus. 8. Longitudinal sinus. (Testut.) 


FlO. 208. 



An Injected and corroded preparation of the cerebral Tolna and sinuses. (Huntington.) 


more forcibly than into other vessels, to reach which it has to pursue 
a more tortuous course. Hence, these are the vessels more commonly 
80 
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ruptured under an increase of pressure or plu^^ed by a clot or em- 
bolus from the heart. The distribution of these vessels is to the 
bassil ganglia and internal capsule. Hence tlie frequency of capsular 
lesions. The terminal character of these vessels makes repair im- 
possible. The free anastomosis of the cortical vessels has already been 
noticed. A thrombosis or embolus in one of them rarely has a perma- 
nent effect, as the necrosis at first begun is arrested by the development 
of a collateral supply of blood. Hence cortical lesions have a more 
favorable prognosis than capsular lesions. 

The venous circulation in the brain is shown in Figs. 207 and 208, 
The veins from the interior of the brain empty into the veins of Galen 
and then into the straight sinus. Those from the cortex reach tlie 
longitudinal, lateral, and cavernous sinuses. 

Itetracranlal presBure. — Intracranial pressure produces changes in 
the pulse and arterial tension which can be accurately measured by 
the Riva Rocci blood pressure apparatus.* When the contents of the 
skull is slowly increas^ by a small tumor or by a small clot the dis- 
placement of cerebro-spinal fluid and the narrowing of tlie veins pre- 
vent tangible effects. But when a lai^ clot suddenly forms, the 
pressure causes venous stasis and a slowing of capillary circulation. 
Nature attempts to correct this by raising the arterial tension, and thus 
maintains the nutrition of the medullary centres necessary to life. If 
the pressure however increases, beyond the power of the heart to over- 
come, even while the arterial system is contracted, tlien, a weak rapid 
heart action, a relaxed arterial tension, and an irregular respiration are 
followed by collapse and death.’ The condition of the arterial tension 
is therefore a good index of the degree of intracranial pressure. A 
tension of 220 mm. developed Suddenly is dangerous and a tension of 
280 is fatal. Trephining is the only means of relieving intracranial 
pressure and may be resorted to successfully in cases of intracranial 
hemorrhage when the arterial tension rises to the danger point.’ 

The subject of decompressive operations for the relief of intracranial 
pressure has been widely discuss^ in the past few years and will be 
fully described in the chapter on brain tumors. 

*Thi« can be bought of Eimer and Amend, New York, in portable form, for $8. 

• Kocher Hlmdruck, Nothnagcl’a Spec. Path. u. Ther., IX., 3, 2. 

'Harvey Cushing, Amer. Jour. Med. Sci., June, 1903, and September, 1902. 




The Arterial Supply of the Cortex Cerebri. (S^monovicz.) 
Section through the cerebral cortex of a rabbit; bloodveasela injeoted red. X dO. 
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Hi* Arteitgl Svfi^ of ti|6^ Cortege CerobeiU< (Sqfmonowicg.) 
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CHAPTER XXVII. 

THE CEREBEAL DISEASES OF VASCULAR ORIGIN. 

CEREBRAL HYPEREMIA AND AN.SMIA. 

The investigations of Mosso have proven that any mental effort or 
emotion is attended by a functional hypersemia of the bruin and that 
sleep is attended by a functional anaemia. 

Formerly a number of abnormal conditions were ascrilied to hyper- 
cemia of the brain. It is doubtful, however, if they were dependent 
upon this cause, and it is improlMible tliat congestion of the brain alone 
is a condition that can be more than temporary or that can produce 
serious permanent symptoms. It is admitted that in many constitu- 
tional states both active and passive cerebral congestion may o(;cur. 
Thus fever, persisttmt mental strain, great emotional excitement, sun- 
stroke, and an excess of alcohol, quinine, and strychnine prodmse con- 
gestion of the brain. Obstruction to the flow of blood from the cerebral 
sinuses may lead to venous congestion. In this condition the symp- 
toms of the original underlying disease, such as tumor or abscess of 
the brain, thrombosis of a sinus, or tumors and aneurisms in the neck, 
chronic cardiac disease, emphysema, etc., will obscure any symptoms 
due to the hyperiemia of the brain. There is doubtless a sta^ of con- 
gestion of the brain in all cases of meningitis and of encephalitis, but 
here agsiiu it is not possible to distinguish between the symptoms due 
to the two conditions. The symptoms produced by congestion of the 
brain are headache of a severe character, with feelings of pulsation, 
vertigo increased by a sudden effort or change of position, tinnitus 
aurium, sensations of pressure about the eyes and head, insomnia, mental 
irritability, with sense of incajMicity to carry on a train of thought, and 
restlessneas. The convulsions and coma in sunstroke arc due to tox- 
semia and not to the congestion. It is probable that the majority of 
the symptoms mentioned may, in some cases, be due to imperfect metab- 
olism, or to chemical changes in the nerve cells, rather than to mere 
mechanical pressure. I am always reluctant to ascribe morbid states 
to congestion of the brain, and I regard such a diagnosis as unsatisfac- 
tory and tentative. I do not l)elieve in the existence of a chronic con- 
gestion. The treatment of the symptoms during their temporary 
duration is by ice to the head and the free use of ergot and bromide 
of sodium. Such treatment will relieve the headache and sensations 
of pressure in the course of a few hours, but should not be kept up 
more than two or three days. It is well to give calomel, follow^ by 
saline laxatives, to restrict the diet, to cut off all alcoholic stimulants, 
and stop the use of tea, coffee, and tobacco ; in other words, to elimi- 
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Date from the body all those poisons which may be the cause both of 
the congestion and of tlic symptoms. If the cause of vcnotis conges- 
tion can be ascertained it is to be removed, if possible. If impossible, 
wet cups behind the ears, hot foot baths, counter-irritation to Ihe neck, 
and sedatives may relieve the symptoms. 

Anemia of the brain may be due to loss of blood or to a general 
anaimic condition. The latter is not uncommon both in young girls 
and in women at the menopause as a primary disease. It may also be 
secondary to other constitutional or organic diseases that produce mal- 
nutrition. The symptoms of ansemia of the brain due to a loss of bkmd 
are faintness, vertigo, nausea, confusion of ideas, and finally a loss of 
consciousness, with suspension of respiration and great feebleness of 
the luart. They are usually relieve*! soon by a recumlwnt posture, by 
inhalation of ammonia, and by stimulation with alcohol. In extreme 
cases transfusion with salt solution may be required. 

The symptoms of ansemia of the brain doe to general ansemia are 
hcadiichc, felt chiefly on the vertex, somnolence, especially after meals, 
depression of spirits, inability to concentrate tlie attention, or to con- 
duct any active mental process for any length of time, and insomnia. 
The insomnia of ansemia is characteristic. The patient gets to sleep 
easily on lying down, but sleeps only a short time, and then wakes 
and is unable to get to sleep again. 

In the conditions of arterial sclerosis it is probable that from time 
to time a temporary stasis of blood may occur in the domain of small 
arterial braiurhes causing a sudden Icxiul ansemia of a small area of the 
brain. It is known that such a stasis in the arteries of the leg gives 
rise to a sudden paralysis of tlie leg causing rMermittmit dawtimtion, 
in which condition the leg is useless for a few minutes. Tlie frequency 
with which a sudden sense of inability to talk, to walk, to do any 
special acit, or to think, without any loss of consenousness, occurs in 
patients suflering from arterial sederosis leads to the supposition that 
similar stasis may occur in the brain — not of suflicicntly long duration 
to cause jXirmanent softening. The so-cialled serous ajmplexy, from 
whicdi patients die, with no apparent lesion in the brain except an 
oidema, may also be thus explained. 

The treatment of the symptoms is by stimulation of the heart, but 
this should be temporary only. The underlying state is the only 
projeer object for treatment, lienee focxl, iron, arsenic, beef marrow, 
and toni<;s of all kinds are indicated. In ansemia hydrotherapy and 
massage arc of great value. 

APOPLEXY. 

The most common cerebral diseases arc those which are due to a 
nmture of a bloodvessel in the brain, cerebral hemorrhage^ or to a stop- 
pd^ in a cerebral vessel, cerebral embolim, and cerebral thrombosia. 

Pathology. — The condition which leads to such diseases is chronic 
enchirteritis. This is a chronic inflammatory process in the intima and 
muscmlar coats of the vessels, with a production of new cellular tissue. 
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which may (1) increase until it obliterates the lumen of the vessel, pro- 
ducing thrombosis ; or, (2) undergo calmreous degeneration, roughen- 
ing the wall and inducing fibrin deposits, which may occlude the 
vessel, producing thrombosis, or be washed onward, producing emt) 0 - 
lism ; or, (3) undergo fatty degeneration, thus eroding the intima and 
weakening the muscular coat, causing aneurisms (miliary or larger) 
which rupture, producing cerebml hemorrhage. Miliary aneurisms 
are about 1 mm. or smaller in diameter, and are found only on vessels 
which lie in a space or have little support. While they are usually 
due to endarteritis, von Monakow believes that they may form in senile 
arteries by a bulging of a normal wall, the muscsular coat of which is 
merely thinned but not diseaml. 

The causes of endarteritis are syphilis, the abuse of alcohol, chronic 


Fig. m 



Cerebral hemorrhage. I.arge clot In Ute centrum ovule above the baaul ganglia. Patient lived 
three days aOer the onset in coma. (Larkin.) 

poisoning by lead, the development of poisons within the body as the 
result of imperfect nutrition, or of indigestion due to too much food 
and too little exercise, gout, nephritis, and old age. The afieetion is 
distinctly hereditary, and in many families death from apoplexy is the 
rule. The use of tobacco, eoftee, aud tea is said to pretlisposc to 
endarteritis, but this is not established. 

Pathology of Cerebral Hemorrhage. — When a cerebral ves.sel rup- 
tures in the membranes the blooil spreads out on the .surface of the 
brain, filling the fissures and depressing the cortex. The clot which 
forms is thin and flat. It may become organized and adherent to the 
j)ia mater, or it may lie as a clot for weeks. In one case in which 
McBurney operated for tlie removal of such a clot from the third 
frontal convolution, for the relief of aphasia, three months after tlie 
hcmorriiage tlie clot was only partly organized and was easily sponged 
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off from the surface and from the fissures. If the hemorrhage is sul)- 
cortical it tears the surrounding brain, sometimes breaking into the 
ventricles and filling them with blood. It may be a small clot or it 
may be almost sis lai^ as the hemisphere, disintegrating its greater 
portion. Usually it is about two inches in diameter. The clot is 
globular or irregular in shape in the brain, or forms a cast of the ven- 
tricles. It compresses the brain tissue around it, and, as a rule, a 
number of capillary hemorrhages arc found in the atljacent brain. 
The adjacent brain is always oedematous. The clot gradually shrinks, 
and if small uudergoes absorption, leaving a hematin stain. The dis- 
integrated brain tissue undergoes fatty degeneration, is liquefied, and 
is in part absorbed. There remains a mass'of softened tissue, mingled 
witli blood, which after a time becomes organized by the formation of 
connective tissue in and about it. This connective tissue may form a 
thick layer, or even a firm fibrous plaque, upon the surface of the brain, 
closely adherent to the cortex, and supplied with numerous blood- 
vessels. In one case operated upon two yeiirs after an injury, with 
hemorrhage,' it was as hard as cartilage. If it is within tlie brain a 
firm mass of connective tissue enclosing the softened mass may grow. 
Then, as the softened mass within this wall becomes liquefied, the final 
result is a cyst filled with fluid, either bloo<ly or clear, and serous. In 
one ciise I saw a connective-tissue structure resembling a honeycomb, 
its cavities filled with clear fluid. A clot begins to lose its bloody 
color from the second to the fifth week, depending on its size ; after 
the eighth to the twelfth week it is a yellowish mass with hematin 
stains, and within three to six months the connective tissue formation 
is well under way. This tx)ntract8 during a year after its formation, 
and the process cannot be said to have reached its final stage of s(!ar 
tissue or cystic formation until the end of the second yetir. A cyst 
wall may be apparent within a month of the onset in small hemor- 
rhages, encapsulating the softened mass. The tom brain never unites. 
It undergiK's a fatty degeneration in the vicinity of the clot, and a proc- 
ess of secondary degeneration begins at once in the course of the tracts 
which are injured. By the end of the week such secondary degenera- 
tions can be detected by tlie Marchi stain at long distances from the 
original lesion, and after six weeks a sclerosis or replacement hyper- 
plasia of connective tissue has begun in the entire length of the tract 
which is degenerated. These degenerations are very extensive through 
the centrum ovale, us they affect all the association and commissural 
fibres which are ruptured. They can also be traced through the 
projection fibres downward into the spinal cord or upward to the 
cortex. Figs. 14 and 15 show such descending d^neration in the 
spinal cord after hemorrhages of small and of great extent in the 
internal capsule. 

The clot exerts considerable pressure upon the brain tissue about it, 
not only at tlie time of its formation but for some time after. This 
pressjore is quite sufficient to suspend the function of the compressed 
biBhi,rand may even be sufficient to set up degenerative processes. 
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The brain tissue which is merely compressed will resume its function 
when the pressure is removetl. Therefore, the immediate and tempor- 
ary effects of a cerebral hemorrhage are usually much more severe and 
extensive than the permanent ones. And hence a gradual and pretty 
considerable relief from the initial symptoms is to l)c hxikcd for in cases 
of cerebral hemorrhage. Such a relief, due to slow absorption of the 


Fio. 210. 



Extenilve subarachnoid hemorrhage overentlre base ofbraiu by dtapedesls ; no rupture of Uie Tea- 
sels; no largo clots. (Larkin.) 

clot, is necessarily much slower than the relief which (wcurs after 
embolism or thrombosis, where the collateral circulation is established 
within a week. 

The situation of a cerebral hemorrhage depends upon the fact that 
certain arteries of the brain are particularly liable to tlic formation of 
miliary aneurisms. According to Durand-Fardel, in 75 per cent, of 
the cases these aneurisms are found on the small branches of the middle 
cerebral artery that enter the anterior perforated space, viz., the len- 
ticulo-striate and lenticulo-thalamic branches. These arteries are fairly 
large branches ; they are almost in a vertical line above the heart, the 


472 


CEREBRAL DISEASES OF VASCVLAR ORWIN. 


blood rushes in from the internal carotid artery under high pressure, 
and they are terminal arteries with no collateral circulation. Hence 
they have been termed by Charcot the hemorrhagic arteries of the brain, 
and as a matter of fact more than 60 per cent, of cerebral hemorrhages 
are due to their rupture. A clot thus forming destroys the leuticular 

Fio. 211. 



Endarteritis obliterans. Occlnslon of the right posterior eommunleatlng artery of the elrele of 
WIIIIs. The vessel has dwindled to a Sbrous eord. Foci of atheromatosis are nollceablo on the 
basilar artery. M., aged forty-one years ; ease of pscudodcmcntla paralytica urtemica. Heproduced 
from a photograph. (Berkeley, Mental Mseases.) 

or striate nucleus, or the optic thalamus, and the internal capsule which 
lies adjacent to them, or if it forms higher up and nrarer Ae terminal 
branches it lies in the centrum ovale. In eitlier ease if the hemorrhage 
is htige it is liable to break its way into tlie ventricle. 

, The Sylvian artery and its branches have little support to their walls. 


APOPLEXY. 


473 


as they lie upon and not in the brain, and are also prone to the develop- 
ment of miliary aneurisms. Cerebral liemorriiage is not unmmmon in 
the Sylvian fissure or on tlie cortex, being found there in 24 per cent, 
of the cases. The remaining 16 per cent, of the cases are divided 
between the brain axis and the cerebellum, the last-named oigiin being 
most rarely affected. lu about 20 per cent, of the cases the hemor- 
rhage breaks through into the ventricles, or occurs originally from a 
vetricular blood vessel. 

A cerebral hemorrhage may result from a diapedesis of blood cells 
from numerous capillaries, without rupture of the walls (see Fig. 210). 
The blood then ccllects about the vessels and infiltrates the brain com- 
pressing individual neurones and axones, but not producing largtj clots 
or cysts. The condition resulting is describe<l by the French us hem- 
orrhagic softening {ramoUissement hemorrhagique). It is present in 
many cells in the brain tissue about a lai^ clot. It is the condition 
which occurs in purpura, in pernicious ansemia, and in leucocythfiemia. 

Pathology of Cerebral Embolism or Thrombosis. — The artery being 
occluded by an embolus coming from the heart or larger arteries, or 
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Transverse section of tbo tniddio cerebral artery fVoni a case of obliterating endarteritis. Tbo 
proliferation of tho inner coat and the reduction of tho lumen of tbo vessel arc evident. (Spiller.) 


by a clot forming upon the roughened wall, or near a constriction 
formed by oblitering endarteritis, the brain tissue which is supj>lie<l 
with blood through it is cut off from its nutrition. The first arrest of 
blood supply is usually extensive, but when collatcnd circulation is 
established the final area or region which softens may be small. The 
sudden stoppage of circulation in the artery and in its corresponding 
veins suspend the functions in this extensive area, but as the collateral 
circulation is resumed the functions reap|:K‘ar in all but the ]Mirts which 
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are permanently deprived of blood. In the cortex the collateral 
supply by anastomosing vessels is extensive. In the ganglia and 
capsule it is very imperfect, as the arteries are terminal. Hence the 
permanent effect of occlusion is more serious in lesions of the arteries 
of the Ijase than in those of the branches in the cortex. If a large 
vessel in the cortex — e. g., a main branch of a Sylvian artery, or the 
middle cerebral trunk itself — is plugged, the area of softening may be 
extensive. When a vessel is occluded a clot forms within it which 
extends backward to the next lai^ branch. In some cases a second 
embolism is produced by a portion of this clot being swept off into 
tliis branch ; then a second attack follows the first witbin twenty-four 
hours. This is the explanation of the recurrence of symptoms which 
have apparently subsided on the day after, the attack in cases of 
embolism. Thus in one of my patients three attacks occurred on 
three successive weeks; the first caused paralysis of tlie arm, the 
second of arm and leg, the third of the entire side and face. 


Fio. 2ia 



Oblltoratlnji endarteriUa. The intlms to greatly thickened, and one-half of the lumen to filled by 
deposit of newly-otganlzod tissue that has undergone fatty degeneration In Its outer part. A throm- 
bus Is seen adherent on one side to the Intlma. It filled the vessel, but contracted during the process 
of hardening the specimen. 


A serous infiltration and oedema of the brain occurs in the entire 
domain of the artery which is occluded, within an hour ; but this is 
to some extent relieved when the collateral circulation is established. 


Capillary hemorrhage or diapedesis of blood cells is also found in the 
fedein|itous brain. There are some cases of apoplexy in which the 
only^!;^on found after death is an oedematous state of one hemisphere. 
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These are the cases in which a thrombosis of one internal carotid or 
middle cerebral has been followetl by a rapidly fatal termination before 
softening has been producetl. 

The pathological process in cases of embolism in which the embo- 
lus is of bacterial origin, us in ulcerative endocarditis, or in pya>mic 
emboli, is somewhat different, as there is an acute encephalitis of limited 
extent set up in the necrotic area. In addition to the fatty degenera- 
tion there is an infiltration with leucocytes and the production of pus 
in which micro-organisms are found. In such cases there is a tendency 
of the process to extend beyond the limit of the tissue first deprived 
of its blood and to the production of an extensive encephalitis. 

A fatty degeneration and a necrosis of bruin tissue follow the occlu- 
sion of the vessel on the third day. In the softened tissue there are 
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ObllteiRting endarteritis. Tblckenlng of oil the coats of the arteiy. The intima bos encroached 
upon the lumen. The new tissue has un^rsono fatty degeneration, and a conslderalile mass of fatty 
debris in which cholesterin crystals can be seen, Ilea between it and the media. A tbroinbus is seen 
adherent to the intiiua. 

at firs|,t extravasations of blood and pigment granules (red softening) ; 
later, after four weeks, these are absorbed and the tissue in a stage of 
fatty degeneration is yellow (yellow softening). If there is simple 
necrosis without extravasation or fatty degeneration in the white mat- 
ter, the brain has its natural color, but is soft (white softening). Round 
granule cells are everywhere to be found in this softened tissue, and 
are mingled with drops of myelin in all stages of fatty degeneration. 
The perivascular sjraces are filled with leucocytes and small cells.’ 
The softened tissue undergoes liquefaction or becomes organized by a 
connective tissue growth. This is formed partly by hyperplasia of 
the glia and partly ftom the connective tissue of the smaller vessels 
* See Friedmann, Handbk. der path. Anat. des Nerrenaytitemg, S. 489, 1003. 
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which proliferates. It contracts, leaving a depression, or a cavity, or 
a scar. In some cases a cyst with smooth walls and serous contents is 
formed. Such a small cyst is shown in Fig. 245, in the midst of a 
diffuse tumor of the optic thalamus. The size of the area of softening 
and of the subsequent scar may be very small, so that at the autopsy 
a mere patch of sclerosis is found. On tlie other hand, the softening 
may involve almost an entire hemisphere. 


Fia. 215. 



Cerebral hcmorriiage. Large clot within the lateral ventricle. Boy of 14 suOerod from eplenic 
anasmia. The hemorrhage occurred from capillary veina in tbo ependyma. No large vessel was found 
ruptured ; death in three hoars, (Larkin.) 


Octsisionally bilateral lesions are found. Secondary degenerations 
follow softening exactly similar to those following hemorrhage, already 
described. 

The situation of an area of softening due to embolism is not wholly 
a matter of accident As the majority of emboli come from the heart 
it is natural that embolism of the left hemisphere should be more fre- 
quent than that of the right hemisphere; (the ratio is five to four 
oases), the course of the blootl current from the aorta l)cing more direct 
into the loft carotid artely. Such an embolus if large enters the middle 
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cerebral artery and stops it, or one of its branches in the Sylvian fissure, 
tiius causing a necrosis in the central area of the brain cortex. If 
small it is more likely to go directly up with the blood current into 
one of the branches of the middle cerebral that enters the perforated 
space. It is found that 60 per cent, of emboli enter these vessels, 25 
per cent, enter one of the branches of tlie Sylvian artery, and the 
remaining 15 per cent, enter s«)me of the smaller branches of the brain 
axis. Softening of the cerebellum from embolism is very mre. 

The situation of the area of softening due to thrombosis de])end8 on 
the size and position of the thrombus. It is determined by statistics 
that thrombi form in the following cerebral vessels in the onler named, 
viz., middle cerebral or its branches, basilar, vertebral, anterior cere- 
bral, and posterior cerebral. 

The pathologittal changes following thrombosis differ in no way from 
those due to embolism. 

The relative frequency of these brain lesions may be gatiiered fn)m 
the following statistics. In 1908 consecutive autopsies at tlie Presby- 
terian Hospital there were 112 cases of ccrebnd hemorrhage and 48 
cases of cerebral softening. Old scars were found in ten brains, and 
cysts were found in tliirteen brains, all but two in the basal gsmglia. 
In a few cases midtiple lesions were found. 

The situation of the hemorrhages and softening was as follows : 

Tabt.g X. — Situation of Lesions in Apoplexy. 




llcmorrhngd. 

SoacnlDg; 

Frontal lobe 


. 20 

n 

Parietal lobe 


. 10 

10 

Occipital lobe .... 


. 5 

4 

Temporal lobe .... 
GiuJatc nucIeiiH .... 


. 9 

.5 


. 6 

2 

Lenticular nucleus 


. 14 

11 

Optic thalamus .... 


. 10 

4 

Internal capsule .... 


. 18 

6 

Lateral ventricle .... 


. 10 

• •• 

Pons 


. 11 

1 

Cerebellum 


. 4 

4 

Inferior peduncle of cerebellum . 


. 1 


Under corpora quadrigemina. 

On floor Of fourth ventricle 


. 4 

. 2 

1 

Central part of cerebral hemisphere 


1 

"s 

Multiple small hemorrhages . 


. 4 

... 


Etiology. — Males are more frequently affected by the vascular 
diseases than females, and hence death from apoplexy ocimrs oftener in 
men. Of one hundred consecutive cases of my own eighty were 
males. No age is exempt from cerebral hemorrhage. It may occur 
prior to birth, and the infant may be bom with a clot in the brain. 
Kupture of the veasels is tlic probable cause of the majority of cases 
of infantile cerebral palsy which follow traumatism during labor or 
severe convulsions. Hence the lesion may occur in infancy or child- 
hood. But persons in middle life are most liable, the age from forty 
to fifty iieing the age at which the greater numlicr of deaths occur. 
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Table XI. — Age of Onset in Afoplexy. 


Age. 

A. MV 



Cases of a|mplexy, with autopsy. 

Tdotli. Dana. Uintrac. 

.8 4 19 

Without 

autopsy. 

Starr. 

12 

Total. 

43 

21 “ 30 



. 7 

6 

19 

6 

38 

31 “ 40 



. 17 

10 

37 

15 

79 

41 “ 60 



. 43 

11 

21 

63 

128 

61 “ 60 



. 24 

7 

19 

62 

102 

61 “ 70 



. 20 

10 

26 

41 

97 

71 “ 80 



. 6 

6 

22 

14 

46 

81 “ 90 



, 



6 

6 


When the condition of endarteritis is present any severe effort, 
physical or mental, any sudden emotional shock, any sudden exposure 
to cold, a blow on the head, or indulgence in alcohol, or the use of a 
strong heart stimulant may cause a rupture. Thus, lifting a heavy 
weight, straining at stool, the effort of coughing violently, or vomiting, 
and the effort of running fast have been the active causes of an 
apoplexy in cases of my own. I have seen two cases in children suf- 
fering from whooping-cough. I have known a sudden grief and 
sudden fright, and also a long-continued anxiety followed by disap- 
pointment, and in several cases a fit of rage, to be the cause of a 
hemiplegic or aphasic attack. I have known many cases to follow a 
debauch. A cold bath has been known to cause an attack, but this I 
have seen but once, when it was taken soon after a hearty meal. 
Grant believes that strychnine and quinine in large doses may cause 
an attack. I have seen two attacks in a young woman subject to 
purpura. Oppenheim records a case of hemorrhage in the brain fol- 
lowing an operation for bleeding piles. The operation was followed 
by hemorrhage from the lungs and from the bladder liefore the 
apoplexy occurred. The sudden arrest of menstruation is said to have 
enused apoplexy. A hemorrhage sometimes occurs during a severe 
epileptic fit. This is a common history in children. Cerebral hemor- 
rhage is the cause of death in many cases of chronic nephritis, because 
of the existence of hypertrophy of the heart and of disease of the 
arterial walls, which are constant accompaniments of that affection. 
The increiised intra-arterial pressure produced by the fortie of the 
blootl thrown up from the hypertrophied heart is responsible for the 
majority of cases of cerebral hemorrhage occurring during Bright’s 
disease. Cases of hemiplegia occurring with or after diphtheria, 
stsirlet fever, and pneumonia are due to rupture of the arteries. It is 
possible that the toxins of the disease weaken their walls. 

The condition of the bloodvessels in purpura may lead to cerebral 
hemorrhage, also the state of the blood in pernicious ansemia and in 
lcuc(K;ytha}mia. 

The caust^s of embolism are cardiac disease, with the formations of 
violations upon the valves or of small fibrin deposits on the rough 
endocardium which are washed into the circulation. In ulcerative 
endocarditis these contain numerous micro-organisms. Similar emboli 
may come from the interior of the larger arteries, and atheroma of the 
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aorta is octsasionally the cause of cerebral embolism. An embolus in 
a small vessel may arise from a thrombus in a larger vessel. 

Clots may also come from the lungs and even from the veins of the 
body by way of the lai’ger veins in the lungs. Thus cerebral embolism 
is a frequent complication of tuberculous diseiise of the lungs and an 
occasional complitsation of pneumonia. I have known two ciises to 
follow phlebitis of the siphenous vein. In these cases secondary 
thrombi from the lung were the probable ciiuse. The exciting cause 
of the embolism may be a sudden physical effort or a sudden mental or 
emotional shock. 

The cause of thrombosis is any form of endarteritis which narrows 
the bloodvessel and finally obliterates its lumen, leading to an ob- 
struction of the blood current and to the formation of a clot. Ob- 
literating’ endarteritis of syphilitic origin is the usual condition lesuling 
to such a filling up of the vessel, and as it is a very common condition 
it is the active cause of the majority of cases of apoplexy in young 
persons. In fact it may be stated without hesitation that the vast 
majority of castis of apoplexy occurring l>efore the age of forty are due 
to syphilitic endarteritis. Senile enclarteritis is also very common. 
The exciting cause of the formation of a thrombus is anything which 
weakens the action of the heart and thus slovrs the blood current. 
Cases of apoplexy occurring during sleep are usually cases of throm- 
bosis. 



Bilateral sofleuing of the lenticular nuclei after goi poigoning. ( Larkin. ) 


Fig. 216 shows a condition of softening in both corpora striata con- 
sequent upon thrombosis in a case of gas'iioisoning. The artery sup- 
plying the lenticular nucleus turns at a right angle in its course. If 
the heart is weakened the current of blootl is arrested at this turn 
stasis occurs, a thrombus forms and softening results. This is tlie 
cause of death in fatal cases. It is the cause of motor paralysis in those 
who recover. 

A general state of weakness, a syncope, the reaction which follows 
effort, mental excitement, or emotional shock, a fright, or a condition 
of exhaustion from malnutrition or starvation, may induce such a state 
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of weakness in the heart as to lead to a' stasis in the vessels j and if 
such a stasis occars in a vessel whose lumen is contracted or whose 
wall is rough a clot may form. It is not certain whether patholo^cal 
states of the blood may lead to the formation of clots within the 
vessels, though this is the theory which accounts for the cases of 
thrombosis occurring in infectious diseases, in phthisis, in gout, 
rheumatism, ansemia, chlorosis, leucocythemia, and in the puerperal 
state. 

Symptoms. — The symptoms produced by vascular disease in the 
brain are so nearly alike in cases of hemorrhage and softening that 
they may be described together. It is admitted that in extreme 
cases, such as a large hemorrhage or a small embolism they differ 
widely, and that then a differentiation can be reached. But it has been 
my experience, fn)m a study of a large number of such cases during 
life and a comparison of symptoms with pathological findings, that it 
is not possible to arrive at a positive accurate diagnosis between a clot 
and a softening in more than one-half of the cases. Hence these symp- 
toms are here discussed together. 

Premonitory Symptoms. — In all cases of endarteritis the {mtients 
suffer from symptoms of disturbance of the circulation in the brain for 
some months or even yeiirs before an actual attack of au apoplectic 
nature occurs. Miliary aneurisms, however, do not usually produce 
any symptoms, and may be Latent until they burst. The cases which 
uniformly escape prodromabt are cases of cerebral embolism due to 
hesirt diseiise or those not arising from endarteritis. 

Tliese symptoms are jwculiar sensations of oppression in tlie head, 
an internal pressure, the scnsiition of a band about tlie forehead, or of 
fulness and pulsation of the vessels. These come and go irregularly 
for months, sometimes after physical or, more commonly, after mental 
effort or emotional exesitement ; sometimes in connection with atmos- 
pheric changes, to which some persons are particularly susceptible; 
sometimes without known cause. The influence of alcoholic stimulants 
is more quickly felt by persons who have endarteritis, and in such 
persons disturbances of digestion are likely to cause vertigo and 
headache. 

Headache is probably the most common symptom of endarteritis. 
It is usually a dull frontal or occipital pain, rarely unilateral, and vary- 
ing in intensity from hour to hour while it lasts. It occurs after mental 
or physical effort or very often after anything which exhausts the 
strength or depletes the nutrition. It may be due to congestion of the 
brain, and is then shown by a re<lness of the face, with distended veins 
and re<l eyes and a feeling of fulness and pulsation. It is equally fre- 
quent, however, in conditions of cerebral ansemia and malnutrition ; for 
pale, ill-nourished ^lersons, or tliose who have had exhausting diseases, 
or who have a weak heart are just as subject to headache as are the 
plethoric. In such patients, however, there is no congestion of the 
face and eyes ; and the jmin is often felt in the vertex. Headache is 
rarely, if ever, a continuous synqjtom, and the attacks are sometimes 
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few and infrequent, in other eases very common. Few patients escape 
prior to an apoplectic attack. The headache in syphilitic cases is 
usually felt in the afternoon and evening. It is remarkable that very 
severe and persistent headache often disappears at once after an apo- 
plectic attack. When such an attack is followed by severe or persis- 
tent headache the prognosis is most unfavorable. 

Attacks of vertigo are among the common symptoms of endartt'ritis, 
coming suddenly after efforts, sueh as straining at stool, running, or 
lifting weights, or after excitement, or in pc'rsons of weak hciirt, after 
a meal. They usually alarm tlie individual, being sometimes, but not 
often, bad enough to cause staggering or the need of lying down. 
They are commonly merely of the nature of a sense of swaying, or a 
siaise of uncertain stfibility, or of a movement of the floor. If a person 
has a severe attack of vertigo with inability to rise and with attendant 
faintness and vomiting, it is probably due to the formation of a small 
thrombus or to a minute hemorrhage in the cerebellum. Such atbicks 
often pass off and leave no permanent trace, but occasionally tliey are 
followed soon by more serious symptoms. 

Insomnia is a symptom of endarteritis. The patients ciinnot get to 
sleep on going to bed, and lie and toss and think and worry ; Anally 
they are exliausted and fall into a light sleep in which they twitch and 
turn and are troubled by distressing dresims, waking in the moruing 
without any sense of rest. This is a condition commonly aasoeiated 
with congestion of the brain. It may be due to too forcible hcsirt 
action, as in cases of endarteritis associated with nephritis and hy|K!r- 
trophy of the left ventricle, or in cases where the arteries are so rigid 
as to have lost their elasticity and power of physiological contniction 
during sleep. After this kind of insomnia rupture of the artery with 
the formation of a clot is more common than thrombosis. In other 
cases the obstruction to tlic circulation causes insomnia by depriving 
the brain of blood and nutrition. In this condition the patients are 
unusually drowsy, doze in the daytime, especially after metds, and fall 
asleep as sot)u as they go to bed. They sleep heavily, often snoring 
when this is not their habit, but after three or four hours they wake, 
and then cannot get to sleep again. The insomnia, therefore, in such 
patients is worse in the early morning hours. They wateh the day 
break and are early risers. This type of insomnia is more <liflicult to 
treat sucicessfully than the other type. For while the former ctin be 
cured by warm baths, by hot drinks, and food, by the synthetics hyp- 
notics and bromides, the latter often is intractable. Sometimes a light 
meal taken in the night on waking, or a heart stimulant, is followed 
by a nap, but hypnotics are useless. These patiesnts often have their 
apoplectic attacks during the night, and it is ususdly due to thrombosis 
rather than to the rupture of a vessel. hen syphilis is the cause of 
endarteritis the patients usually have difficulty in getting to sleep early ; 
but they sleep heavily and are wakened with difficulty, being dazed for 
some moments alter waking. 

Mental symptoms are frequent prodromata of an apoplexy, and are 
31 



482 


CEREBRAL DISEASES OF VASCULAR ORIGiy. 


often present in a state of endarteritis. These may consist of a sense 
of difficulty in fixing the attention, a defective memory of names, a 
slight tendency to use one word in place of another, a confusion of 
thoughts, or even an inability to tliink without conscious effort and 
distress, and a marked emotional state due to a lack of self-control. 
Thus jmtients may be irritable and impatient on slight cause, may get 
ennige<l at little things, or may laugh or cry with hardly any provoca- 
tion. It is common for these symptoms to be associatetl with heiidache 
and to be of temporary character, passing away with tlie pain. Patients 
may suffer for many months from these mental symptoms, and such 
symptoms may be the only ones observed even in an attack. 

Sensatiom of numbness in one arm or in one 1^ or in one entire side 
are not uncommonly complained of by persons who are the subjects of 
endarteritis, and are very common pr^romata of an apoplexy. In 
two hundred consecutive eases of apoplexy in my private practice of 
which I have full histories, a complaint of preceding numbness ha<l 
been made in eighty-six. This consists of a tingling feeling, or the 
same sensation as when one’s foot is asleep. It lasts a few moments 
or even a day or two, and then passes off. It may be produced ex- 
perimentally in one-half of the body by compressing the opposite 
carotid artery, and hence is due to a disturbance of the circulation 
producing anaemia. When such an attack of numbness wakens a 
person at night it may cause much alarm. It is not to be confounded 
with load pressure on the ulnar nerve, as it is diffused over the entire 
hand; nor with the numb fingers of acro-paraesthesia, which is 
bilateral ; nor with venous stasis in the limb from pressure which is 
attended by congestion and pain. It may remain permanently, under 
which circumstances, an actual rupture of a vessel or a stasis of blood 
in it has occurrral. .And after an attack of apoplexy, witli or with- 
out paralysis, numbness in the affected side is almost always present 
and remains. Hence, when such attacks of numbness occur tlmy are 
an infallible warning of tlie danger of apoplexy. Yet I now have 
patients under my care who have had many such attacks for several 
years, but never have had anything more serious. The numbness is 
rarely attended by an objective ansesthesia. It is a purely subjective 
symptom. Sometimes a slight awkwardness is associated with it, but 
when an actual ataxia develops it is because a lesion has occurred. 

Ringing in the ears, noises like bells or whistles heard ; flashes of 
light before the eyes, or a sudden sense of blindness in one side passing 
off in a few moments ; a subjective sense of a bad odor or an umumal 
taste have occurred in different persons as prodromata of apoplexy 
and as symptoms of endarteritis, but are tar less common than tlie 
other symptoms mentioned. Nose-bleed is common in persons with 
endarteritis, and retinal hemorrhages are sometimes found by ophthal- 
moscopic examination. 

IThc prodromata of an apoplectic attack may occur for many months 
or years and never lie followed by a stroke. They should never be 
disregarded, however, by patient or physician, and it is far better to 
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take pains to avoid the active causes of a cerebral hemorrhage op 
thrombosis than to suffer its consequents. 

Some form of prodroma had been felt in more than onc-half of my 
two hundred cases. 

The Apoplectic Attack which announces the <x;currencc of a cerebral 
hemorrhage, or an embolism, or the formation of a thrombus is always 
of sudden onset and causes a grciit mental shock to the |Hitient, 
Apoplexy, the falling as if struck down, is not always attended by 
unconsciousness. In fifty-four out of two hundred cases a loss of 
consciousness occurred. But in the hospital patients obs(;rve<l the 
proportion was much greater, and in patients who die, unconsciousness 
at the onset is the rule. The coma is attended by stertorous brtsithing, 
by full, slow, tense pulse, not irrcgnlar or intermittent, by marked 
venous congestion of the face, and by complete relaxation of the limbs, 
so that it is sometimes difficult to determine whether one side of tho 
body is paralyzed. In some eases the head and eyes are turned towanl 
the lesion. Tim pupils are usually dilated in csiscs of hemorrhage, 
the one on the side of the lesion being the larger, and they fail to react 
to light. In pons lesions they are contracte<l. The eorneal reflex is 
lost, so that irritation of tlic eye does not cause a wink. In cases of 
hemorrluige distention of the retinal veins has been observed. The 
tem})eraturc usually falls at first, and then begins t4> rise within a few 
hours, the paralyzed side being a degree; higher than the other. There 
may be an immediate unconscious evacuation of the bladder and 
rectum, if these are full. If not, there is usually retention of urine 
during the period of unconsciousness, and the bladder lais to be 
emptied by catheter to avoid its rupture. The state of coma may 
continue, the temperature may rise to 104° or 105° F., oedema of the 
lungs and heart failure may follow, and the patient my die within a 
few hours or on the following day. Occasionally in persons of good 
vitality the fatal result my be delayed as long as a week, consciousness 
never returning. In these cases the greater relaxation of tlie limbs on 
one side, a nninifest drawing of the face and elevation of the corner of 
the month on the non-paralyzed side, with dribbling of siiliva on tho 
other side, the failure to elicit reflex movements by pricking one side, 
the loss of skin reflexes and loss or exaggeration of tendon reflexes, 
the occurrence of automatic or instinctive movements on the non- 
paralyzed side, or a mrked contracture of the arm and leg, indicate 
the existence of a hemiplegia. In one girl who never rocovere<l con- 
sciousness, and whose lesion was an extensive hemorrhage at the base 
after fracture, any attempt to uncover the body caused an automtic 
grasp and effort to draw up the bcdclothing on the unparalyzed side. 
The condition of com is more likely to occur when the lesion, either 
a clot or softening, is deep in the hemisphere, is near the lateral ven- 
tricle, or involves the optic thalamus. It is also an indication of a 
laige hemorrhage or the pluming of a large vessel. Extensive corti- 
cal clots or thrombi almost always cause coma, but small ones do not. 

The condition of coma is usually attended by a mrked increase of 
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arterial tension, as shown by the Kiva Kocci apparatus and by the 
sounds of the heart. This is the probable Cfiuse of the increased 
s(!cretion of urine which always follows an attack. The urine if ex- 
amined is often found to contain albumin and sometimes sngjir, whitsh 
disiippear within a week after the attiiek, and may, therefore, be due to 
the inereased arterial pressure. 

The attack of apoplexy may be attended by a convulsion. This 
may be general, and if repeiited is an indication that the clot has burst 
into tile ventricles. It is a most unfavorable prognostic symptom. 
The convulsion may also Ix) unilateral. Tliis is an almost infallible 
sign of a lesion of the cortex in the central nigion. 

If the patient n^covers consciousness after the attack the mind is 
usually very dull, and re82)onse to questions is for some hours impos- 
sible. Tlien atfeimpts to talk are imide, and if tlicre is no ajdiasia they 
may be intclligtint. Frequently it is some days before the j)atient 
recognizes his surroundings. As the mind becomes clearer a definite 
estimate of the symptoms present becomes possible. 

In the majority of eases paralymis is found. This was 2)rcscnt in 
one hundred and seventy-seven out of two hundred j)atients. It occurs 
in the form of hemiplegia and affects one side of the body only. The 
fa(!e is dniwn to the non-jwiralyzed side, as there is no longer any oj)- 
position to the nornuil tone of the non-j)aralyzed muscles. This gives 
an linnatund appearance to the face which sometimes leads the unprac- 
tictid observer to siqjpose that the drawn side is the one which is 
pandyzed. The muscles about the eye which close the lids are not 
involved, and thus tlie facial paralysis in hemiplegia differs from that 
due to an affection of the facial nucleus in the pons or of the taeial 
nerve, in which the eye cannot be closed. The motion of the eyes is 
not affected excej)t in lesion of the crura or of the corpora quadri- 
gemina. Deviation toward one side may occur during the coma, but 
this does not persist when consciousness returns. The tongue is also 
pandyzed, and when protru<led turns toward the paralyzed side, being 
pushed over by the hesdthy muscle. Swallowing may l)e «liflicult and 
choking frequent for some days after an attat^k, and this is a sign of 
unfavorable prognosis. The head can usually be turned freely, though 
in severe «iS (!8 the sjime tendency to turn both eyes and head away from 
the paralyzed side present in the coma may persist for some days. It 
is due to the action of normal muscles whose opimnents are iwiralyzed. 
The arm and leg are completely j)aralyzc<l, are relaxed and offer no 
resistance at first to j)assive motions. The paralyzed muscles show a 
normal electrical reaction, and have no tendency to rapid atrophy or to 
fibrillary twitching. 

During the coma and state of shock the tendon reflexes may be lost, 
but they soon return, and by the end of the second day are exaggerated 
on the paralyzc?d side, the knee-jerk being high, and a crossed tliigh- 
jerk bc*ing sometimes obtained ; that is, a slight adduction of the well 
ftiigh and extension of the well leg follows a tap on the patella tendon 
of the paralyzed side. Ankle clonus is often obtained, and also a 
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retraction of the great toe on irritating the sole of the fotrt (Babinski’s 
sign). These symptoms continue even thougli the paralysis improves. 
Tlie skin reflexes are lost on the paralyml sitle, a sign of great diag- 
nostic importance in distinguishing a true from a falw^ (hysteruail) 
hemiplegia. The Ixxly is sometimes paralyzed so that the jMitient can- 
not turn in betl, or move his body, or sit up. InsiKJctiou of the chest 
usually shows that respiratory movements are more active on the pjira- 
lyzcd side. The eontrol of the bladder and rectum are lost, and either 
involuntary evacuations or retention may continue for many days. 

As time goes on the hemiplegia may gradually subside. I have 
known it to pass off* in part after three months of complete j)aralysis, 
so that the psiticnt eventuiilly walked and signed his name. As a rule, 
some beginning voluntary motion is evident by the end of two or three 
we(!ks, the power of drawing up the leg being the first to return, then 
to stretch out the kig, then the power to move the ankle, and finally 
some flexion of the elbow and shoulder. The finer motions of the 
hand and foot are regaine<l last of all, if they return at all. Tins fa(!e 
appears straighter in the course of two months. Walking can be re- 
snme<l after a light attack within a mouth, but may be regainetl after a 
year of ptiralysis. 

Every possible variation in the degree of the original hemiplegia 
may be observed. In light attacks a sense of weakness only is com- 
plained of, and these patients are awkward, but do not lose jmwer in 
any muscle absolutely, and arc soon able to use the hand and to walk. 
Such paticiuts recover entirely, and nniy liave no trace of the attack at 
the end of the year. After severe attacks, however, in which tlie motor 
tract is injimsd, and in whidi a descending degeneration occurs, a par- 
tial hemiplegia remains. The muscles gradually lajcome rigid and slow 
and stiff in motion, the power of finer movements being chiefly im- 
paired ; the tendon reflexes are exaj^rated, as is also the muscular 
irritability, so that topping a mustde causes it to contract. 

The giiit in hemiplegia is typiesd. The entire side of the Inxly sticms 
to move together, the Ixsly being stiff, the shoulder falling toward the 
weaker side, the arm being carried in an adducted flextsd position with 
wrist promvted and fingers flexcxl, the leg being drawn f‘<»rward with 
little landing of the knee and ankle, or being carried about in the arc 
of a circle, the ball of the fijot and its inner side scraping the floor. 
The foot is sometimes turned in and sctraiKjd along the fltM)r on its outer 
side. 

When the original lesion luis l)ccn locatetl in the cortex but one limb 
may be paralyzed. When it li(!8 in the crus the eye on the si<le of the 
lesion ciinnot l)e turned inward, upward, or downward; its pupil is 
dilated, and there is a fidling of the upper lid. When it lies in the 
lower half of the pons a condition of alternating paralysis is produced, 
the face l)eing paralyzed on the side of the lesion, the arm and leg in)on 
the other side. In this condition the facial palsy involves the upper 
branch of the facial nerve so that the eye cannot l)e closed. In a few 
cases of lesion in the medulla the face has escaped, the tongue has been 
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paralyzed on the side of the lesion, and arm and leg on the opposite 
side. In hemorrhage into the ventricles, and occasionally in small 
lesions of the i)ons and medulla in the raphd, a bilateral or a general 
paralysis of all the limbs is produced. Thus the original or permanent 
distribution of the paralysis indicates the position of the lesion. In 
200 cases of apoplexy right hemiplegia occurred in 96 cases, being 
permanent in 73 ; left hemiplegia occurred in 65, being permanent in 
44, alternating paralysis occurr^ in 4, a lesion of the crus cerebri in 
1, and total paralysis in 2. 

In some cases Itemianoesthema accompanies the hemiplegia ; in a few 
eases it is the only symptom produced. In the majority of cases of 
apoplexy it is absent. The symptom is a sensation of numbness in one 
side, acjeompauuHl by a certain degree of loss of the power of per- 
ceiving touch, or pain, or sensations of heat and cohl. The loss of 
sensation is never permanently complete in organic lesions. In all 
cases after the shock has passed away and consciousness is clear some 
sensation is perceived, especially in the shoulder, or thigh, or f<K>t. 
One of these senses may be psvrtly lost, the others being preserve<l. 
Thus in several of my patients touch was very mu<!h impaired, but 
hot and cold objects and painful pricks were felt keenly. In one case 
toucli was not affected, but pain could not be felt, nor differences of 
temperature. In two cases the patient had a constant sensation of 
cold in the left side, could not feel warm objects as such at all, but 
felt them as cold, and felt touches and painful sensations, but less 
keenly than on the well side. In one of these cases there was a hemi- 
plegia as well ; in the other cerebellar symptoms without hemiplegia. 
In anotlicr ca.se the sense of pain and of heat was lost, but cold could 
be felt and a subjective feeling of cold was present all tlie time. This 
patient Wiis slightly hemiantesthetic but had no paralysis. An alter- 
nating hemianuisthesia may be <xiused by lesions in the pons or medulla, 
as in three of my patients, without any paralysis. The degree of the 
aniesthesia may vary, being very slight in many patients and only 
detected by careful comparison of the two sides of tlie body simul- 
tancoasly tested. In many cases tlie hemiansestliesia found immedi- 
ately after the attack passes off, and in the course of a month sensation 
is normal. It is only when the sensory tract lying behind the motor 
tract in tlie capsule is dcstroyeil, or when the optic thalamus is affected 
that a permanent blunting of sensation remains. And this is never 
totiil, as ejich hemisphere of the brain receives some impressions from 
both sides of the body. In 200 cases right hemiansesthesia was found 
in 21, being permanent in 17 ; left hemianesthesia was found in 20, 
being jiermanent in 19 ; alternating ansesthesia was present in 3 and 
permanent. A loss of tactile memories is sometimes present and indi- 
cates a lesion of tlie cortex in the parietal area. Thus patients who 
are blindfoldiHl cannot recognize objects placed in the hand. This may 
occur even when the hand is not anassthetic. It is termed astereog- 
nosis. (See page 107.^ 

JIcmiaiaMa or an impairment of muscular sense and consequent 
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awkwardness of movement is an infrequent accomplishment of hemi- 
plegia. It may occur alone. It leads to an incoordination of motion, 
both in the gait and in the use of the hand. In 4 cases out of 200 
it was noted, and in all it was permanent, in 3 being at first associated 
with hemiplegia. In one case it was^ attended by a complete loss of 
temperature sense, the sense of pain being preserved. 

Hemianopsia is a frequent symptom of apoplexy. It is bilateral 
homonymous hemianopsia, causing blindness in one-half of both eyes. 
As a rule the jmtient appreciates the blindness in the eye whose tem- 
poral field is blind, and is not aware that the other eye is affected until 
the physician tests the visual fields. Hemianopsia is usually a per- 
manent symptom. In only 2 out of 13 cases in the series of 200 cases 
did it pass away. But a gradual increase in the area of the visual field 
is common, and I have charts which show a great improvement in 
vision. In the patients who recover the visual tract has been com- 
pressed but not destroyed. When the lesion is in the visual tract 
beneath the cortex the visual fields are more irregular and asymmetrical 
in outline than when the cortex is affected. Right hemianopsia is 
more eommou than left hemianopsia — 9 to 4 in my series of cases. 
(Sec page 116.) 

A loss of visual memories indicates a lesion of the cortex of the 
occipital lobe and angular gyrus. It is termed mind-bliudness or psy- 
chical blindneas, aud when limited to the memories of written language 
is termed word^blinduess. I have seen this as tlie chief aud only per- 
manent lociU symptom of an apoplexy ; the patient, who could talk and 
write, and wsis not imralyzed, was unable to recognize friends and 
familiar places, and was unable to read at all even sentences he had 
just written. It is usually associated with right hemianopsia. A loss 
of color vision alone, hcmichromatopsia, in one-half of both eyes has 
been described, but is very rare. 1 have never seen this condition. 
(See page 119.) 

Apluma is a common symptom in apoplexy, being associated with 
right hemiplegia in right-handed people and with left hemiplegia in 
left-handed people. In two of my cases it was attended by left hemi- 
plegia j both patients were lefV-handed. It is usually of the form of 
motor aphasia, but any of tlie various forms may, of course, be found. 
Aphasia may occur as the only symptom of ah apoplexy ; but this is 
rare. In the 200 cases of apoplexy, 118 patients had aphasia at the 
onset, and in 84 this condition was never entirely recovered from, 
though a very marked improvement occurred in the majority of patients 
when tliey lived over two months. In 17 of these cases aphasia ixscurred 
alone ; in the others it was associated with hemiplegia. In one cfuse 
it passed away entirely, though it was the only symptom of the attack, 
and in another case it subsided wholly after four mouths. In many 
cases die aphasia remained after the hemiplegia had entirely passed off. 
The various forms of aphasia and their significance in determining the 
location of the lesion have already been considered (page 1 30). 

The mental symptoms occurring in apoplexy have not been suf- 
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ficieiitly emphasized in text-lxwks. Some cases of apoplexy occur 
in which tlicy alone are present ; confusion of mind, and inability to 
think, to rememl)er, or to fix the attention, together with a grtuit emo- 
tional excitcineut and lack of control, being felt. In very many cases 
some mental symptoms are present, and the mind is never us strong, 
as active, and as useful as before the attiick. In some cases these 
mental symptoms piss away. I have a man under my observation now, 
p!rfectly well, wlio twelve years ago had an attack with loss of con- 
sciousness and dementia, with lack of memory lasting a month, and 
inability to tmnsact business for six months, but with no aphasia or 
paralysis. In 63 of my 200 cases, marked mental symptoms were 
present and were permanent. In two of these patients delusional insanity 
finally developed. In 40 a peculiar lack of emotional control was the 
marked symptom. One man was in a state of constant uncontrollable 
laughter, would laugh aloud whenever he spoke or made any voluntary 
movement in his left side, which was partly hemiplegic. In two men 
frequent crying was complained of, and occurred on any excitement, 
even when the patients were amustKl. Such emotional acts may be as 
uncontrollable as a convulsive spasm would lie, and are equally with- 
out intention. In several cases such emotional attacks, either of laugh- 
ing or crying, wore common on any excitement. In some cases after 
the patients recover from the shock of the attack there remains for 
months a distress on mental effort, a state of bewilderment. In which 
they lose tlie thread of conversation, cannot read or write for any length 
of time without becoming confused, and are forgetful. Some patients 
lose all recollection of their surroundings, and hence imagine that they 
are away from home, in a strange place. One such piticut, an active 
intelligent business man, has been reduced to a pitiable condition, with- 
out paralysis, aphasia, or dementia, yet so imsipable that in reply to 
almost any question he answers, “ I don’t know, I can’t remember, I 
am of no use.” These patients distrust their own eajmiuty, become 
vacillating and capricious, are sometimes suspicious, sometimes esisily 
infiucuced unduly by others. In several of these cases a permanent 
loss of control of the bhidder and rectum has persisted after the 
attiick.* 

S£guin and Brissaud have noticed that a loss of emotional control 
occurs more frequently in lesions of the right frontal lobe, and this I 
can confirm. In many cases in whiiih the menbil symptoms are the 
chief permanent symptoms tliere has been a slight facial j'anilysis or 
a slight hemiplegia or aphsisia with the attack, which has subsequently 
pass^ off, thus showing that the lesion was anterior to the central or 
motor region. These patients rarely if ever have hemianajsthesia or 
hemianopsia. 

Ch'ehellar Kymptmm, consisting of violent vertigo, double vision, and 
a staggering gait when the attack is over, may be the chief features 
of ’an apoplectic attack. In such cases consciousness is rarely lost, 

> * Porifurther oiscsi see the Medical Record, November 13, 1897, “On Some Unusual 
Forms of Ajioplcctic Attack.’’ Also May 16, 1906, on Cerebellar Apoplexy. 
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but the patient is usually extremely prostrated, f«ds weak and greatly 
alarmed, may vomit, and break into a cold sweat, and renuiin incapable 
of moving in l)ed or of sitting up for some days. All attempts at 
motion arc attended by* an increase of the vertigo and a renewal of 
the nausea and vomiting. The pulse is weak, and may be either very 
rapid and intermittent or slow. In one such case I have seen Cheyne- 
Stokcs respimtion. In my collection of 200 wises there were four tliat 
prestiuted these symptoms. As patients recover the staggering gait 
may gradually improve, but there remains a sense of uncertainty and 
a tendency to fall in one direction. Thus one psitient always ftdt as 
if about to fall to the right side. She subsequently had a swtond 
attack with hemiplegia, anti a third attack which left her demented. 
Nystagmus is associated with the vertigo in these cases and usually 
persists as a permantmt symptom. The head is usually held stiflly 
and sometimes inclines towaril the side of the lesion. 

In severe tsascs of hemiplegia with hemianeesthesia there is a very 
marked tendenty to the development of bedsores iqKm the buttottk 
and heel of the paralyzed side. The surface becomes red after slight 
pressure of the body weight, blebs siKin appear, and an ulcerated sur- 
face forms which shows a tendeiny to slough and break <lown rapidly, 
so that within a week a deep sore may be present, even exjjosing the 
bone and causing necrosis. Tlie lesion in the brain is ccrttiinly cap- 
able of inducing viisomotor symptoms in the paralyzal side, such as 
cyanosis and its attendant malnutrition ; but it is my conviction that 
the ilevelopment of a bed-sore is always due to imperfect care and 
lack of cleanliness, and that if the patient is turned every half-hour 
and the skin properly batluKl with warm water containing an antisejitic, 
then with alum-water or alcohol, such sores may be prevented. This 
is very difficult when the urine and feces are passed uiusonsiaously, 
and sometimes, with lack of skilful nursing, Isid-sores will apiwar. 
They arc dangerous, as many patuaits who would otherwise recover 
die of the septic infection thus produced. 

A patient who is paralyzwl may have diffieutty in mrtdlowhif/, and 
attempts at feeding may result in food being inhaled into the lungs. 
Great care has to lx; taken to prevent this in patients who remain 
semiconscious for a week or more after an attack. The result will lie 
to develop a pneumonia of septic origin. Charcot believes that the 
vasomotor paralysis may involve the lung, and in proof cites the 
frequency with which pneumonia, either septic or spontaneous, de- 
velops on the paralyzed side in tluise cases. Such a pneumonia is a 
common cause of death after an apoplectic attack, and must be regarded 
as of serious prognostic import. 

Patients who are unconscious during the attack have rdenUon of 
unne and inability to empty the rectum. As a rule, the bladdiir 
empties itself as soon as it fills up, without their knowledge or control. 
Sometimes tliere is a continual dribbling of urine ; and for many days 
after consciousness returns this symptom may continue. It is some- 
times necessary to catheterizc such patients regularly. It is always 
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well to have a bed urinal in the bed, or pads of absorbent cotton 
about the genitals, which can Ijc changed frequently. The danger of a 
septic cystitis is never to be forgotten, as it is the cause of death in a 
certain number of cases of apoplexy, Minkowski * has shown that the 
cortical centres of the brain control the detrusor of the bladder, while 
the subcortical centers control the spliincter of the bladder. If the 
8ubcorti(!al centres in the corpora striata and optic thalamus are de- 
stroyed the patient has incontinence of urine. If the cortical centres 
or the tracts from them to the spinal centre in the sacral segments of 
the cord are affectetl the patient has retention of urine. The rectum 
may require regular washing out, or, in case of impaction, a digital 
evacuation. 

Irregular Typea of Apophxy . — Some very extraordinary forms of 
attack are occasionally seen. Thus one patient had a sudden attack of 
vomiting and vertigo, and immediately developed a monospasm in the 
arm with a right hemiplegia without aphasia. There was no loss of 
consciousness, but the hemiplegia began witli a convulsive motion in 
the right arm, which continued. Gradually the hemiplegia passed ofiF, 
but the convulsive movement continued. And for three months the 
arm was constantly flung about with violent flail-like movements which 
could not be stopped by the will. These were more violent than athe- 
toid motions, and were still continuing at the last report. 

In another [Kiticnt I saw a series of convulsive attacks, five occur- 
ring in the course of seven days, ea(^h limited to the left side of the 
face and arm, each lasting a quarter of an hour, and each causing a 
temporary paralysis which by the end of three weeks had entirely pa^ed 
off*. The only permanent symptom was a slight degree of ment^ dul- 
ness and apathy with incapacity for business. 

In anotlier patient a scries of attacks of a convulsive nature limited 
to the right leg occurred during ten days ; each attack was very vio- 
lent, so tlmt the entire body was shaken, and lasted for nearly half an 
hour, leaving the leg paralyzed. Then the attacks ceased, the condi- 
tion of paralysis gndually subsided in six months and she has had no 
return during the past' seven years. 

One man suffered from a sudden distress in his head, followed in an 
hour by a general convulsion, which left him with right hemiplegia 
and aphasia. During the following three montlis tlie condition of 
paralysis entirely subsided and he recovered his speech, but never 
recovered his mathematical faculty. He cannot do the simplest sum. 
This first attack occurred in 1887. Since that time .until the present 
(1903) he has hiid, every six or twelve months, sudden attacks consist- 
ing of confusion of mind, complete inability to speak, though he under- 
stands what is siiid, a twitching which begins in his fingers and thumb, 
and gradually involves the whole right arm, then the right side of the 
face, and then the right leg, attended by a tingling of tbe entire right 
side. This convulsion lasts several hours, then ceases slowly and 
leaves a paralysis which passes off entirely during the following two 

*Deat. Arch. f. ITcrvenh., Aug. 21, 1907. 
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days. I know of over twenty such attacks having occurred during the 
past fifteen years. In the interval he appears hearty and vigorous, 
though now eighty years old, and he walks five miles a day. He has 
some difficulty in tidking, finds words slowly, but is not aphasic. His 
memory is poor, he has no canliac disease, but his arteries are tortuous 
and hard. I have similar histories in three other cases. In all these 
cases the probable lesion was cortical hemorrhage, or thrombosis, as 
sp:ism is considered a sign of cortical irritation. 

General convulsions do not often occur in an apoplectic attack in 
adults unless the clot bursts into the lateral ventricle. In children, 
however, they are very common at the onset, and as we shall see in 
discussing infantile hemiplegia, convulsions come cither with or after 
the attack in the majority of the cases. In two young girls ptients of 
my own, where the hemiplegia occurred during an attack of whooping- 
cough, general convulsions accompanied the attack. In adults their 
occurrence is of biid import, but in children this is not so. 

In one pfitient who had a sudden athuik of left hemiplegia at the age 
of sixty-eight years, a violent tremor developed in the left hand soon 
after the atta(!k. This persisted for five months until his death. The 
hand and arm s<x)n became cyanotic and oedematous, were covered with 
cold sweat, and were wholly paralyzed. He became violently insane 
soon after his attack, had well-marked hallucinations and delusions, did 
not sleep for two months, and finally died of exhaustion. 

In several patients a febrile movement has persisted after the apo- 
plectic attack, and severe headache with insomnia of an obstinate kind, 
not much relieved by anything excepting large doses of morphine, have 
appeared. In these patients the hemiplegia has shown no tendenesy to 
improve, and in all a fatal result has followed within two months. I 
look upon tills combination of symptoms with much dread, and con- 
sider that in all such cases an acute inflammation must lie set up in the 
brain about the clot or softened area. 

In the cases where the clot invades the ventricles, general convul- 
sions are usual, are frequently repeated, the paralysis affects both sides 
of the body, sometimes a rigidity of the limbs follows, the pupils are 
widely dilat^, the temperature falls, the pulse is slow, and respiration 
is labored and stertorous. Such an attack may follow a milder attack 
after twenty-four or forty-eight hours, the original clot breaking 
through into the ventricle. Hence the need of keeping pitients quiet 
after even a slight attack. These patients usually remain comatose and 
die within twenty-four hours, of cyanosis and asphyxia. Yet in one 
hospital case I have seen a gradual recovery after two weeks of uncon- 
sciousness attended by all these symptoms, and the final result was an 
extreme state of hemiplegia which remained six yesirs to my knowledge 
without recurrence. But one patient in my series of 200 cases showed 
symptoms of ventricular hemorrhage, and died in the attack. 

Bulbar paralysis of the apoplectic type is illustrated by the following 
case : A man previously healthy but alcoholic was suddenly attacked 
at the age of fifty-three years with weakness of the entire left side, fol- 
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lowed in a few minutes by imralysis in the entire right side and attended 
by diffieulty in speeeh and in swallowing. There was no headache, no 
convulsion, and no loss of consciousness. Plis condition hud been 
stationary for live years, when I saw him. His eyes were normal. 
Tlierc was no wesikness of his fa(«, but his 8j)eech was tliick, voice 
loud and husky, and not under control, and swallowing and articula- 
tion were very imj>erfect. His tongue protruded, but was thin and 
had a marked tremor. He was very emotioniil, laughed and cried 
without cause. His power in arms an<l legs was good, but he had an 
extreme degree of atiixia in all motions of hands and legs, a very ataxic 
gait, increased by closing his eyes, but his knee-jerks were uormiil.. 
His control of his blatldcr was imperfect. He had no pain, no vertigo, 
no deafness. The probable lesion was a small hemorrhage in tlie 
raph6 of the medulla affecting both intcrolivary tracts, and his ninth 
and twelfth nerves. Such cases have been observed and the lesion 
found by Senator, Meyer, and Spitzka. 

Attacks of Apoplectic Naiure without Loss of Consciousness. — In the 
majority of cases of apjplexy a loss of consciousness does not occur. 
Under these circumstances, at the time of the attack tlie ptiticnt feels 
suddenly a sense of pressure in the head, or a dizziness, with headache, 
or finds it necsessary to sit down, or is able to drag himself slowly to a 
chair, or falls if he cannot reach a seat. He then notices a numbness 
in one limb which extends to the entire side of the l)ody, and is attemled 
by some weakness in the arm and 1^. Or he becomes confused in his 
mind and <»uinot find words, and soon develops aphasia. Or his numb- 
ness increases, his arm becomes ataxic, and he moves his leg with dif- 
ficulty. Or be suddenly becomes consisious of a blindness in one eye 
which on examination is found to be a hemianopsia. Or he feels be- 
wildered and confused, and can no longer understand what is said to 
him. Or he is dizzy and staggers in walking. Any one or any com- 
bination of these symptoms may come on siuhlenly, may recede, and 
then return, to leave the patient finally in a state of incapacity of some 
kiial. As a rule, when the attack is slight and not accompanied by 
unconsciousness or followetl by fever, there is a fairly rapid improve- 
ment; and after two weeks the patient is able to sit up and begins to 
recover his lost power. But a complete recovery does not often follow, 
and some trace of the original symptoms usually nauains. Aphasia is 
not wholly recovered from, some hesitancy of speech or tendency to 
misphux! words remains, some local symptoms continue, and a tmee of 
luauiplcgia is seen in his gait for the rest of his life. If the symptoms 
[Mjss olf entirely, as they did in 16 of my 200 cases, the patient may 
remain well for some years, but the probability is that a second attack 
will occur. 

Attacks of Grmlual Onset. — Thus far attacks of a sudden nature 
have been considered. But in a certain number of cases the onset of 
tlie nervous symptoms is gradual. Thas in several of my patients four 
or five days have elapsed before all the symptoms have appeared. In 
these eases the mental dulness and apprehension, the sense of something 
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occurring in the head, with pain, vertigo and weakness, are present 
throughout the period of onset. In some cases aphasia first apiKsirs, 
then becomes more complete ; right hemiplegia is added, and finally 
hemian«sthesia. In other cases the paralysis advances slowly from 
face to arm, and then to leg, or in the reverse order, and if right sided, 
aphasia may finally develop. Mills* Inis dcsi^ribed a slowly progres- 
sive hemiplegia ascending from the leg, the exact pathology of which 
is unknown. In some c-iises hcmiansesthesia preciHlcs the hemiplegia. 
In some hemianopsia first occurs, and then a hemianiesthesia or sensory 
aphasia, which may subsequently subside. In still otlier cases tlie 
mental symptoms Ixjcome more and more marked, (Muifusion of thought 
is evident in speech and action, and a dementia finally develops, often 
attended by emotional excitement, crying or laughing without cause. 
In some cinsiis monoplegia, or monospasms, or a loss of sensation in one 
limb only, is the final result, the initial symptom being more extensive 
than the final ones. It is in these cases of slow onset that the various 
types of aphasia are partiimlarly frequent, and psychical blindness or 
deafness or some form of subcortical apluusia {lersists. 

The recurrence of apoplectic attaisks is a danger to which all patients 
are liable. Tweuty-two patients among my two hundred cjuses suffered 
from more than one attack, one died in his fourth and one in his fifth 
attack. I have known one person to survive seven attjmks, and many 
to survive the third which accortling to popular suiicrstition, is uni- 
formly fatal. The same person may have a recurrence of the same 
symptoms in each attack, or may have different symptoms each time, 
depending wholly ujion the bloodvessel which is affceteil. One man, 
ageii seventy years, had an extraordinary stTies of attiwsks. The first 
and second were attacks of right hemiplegia with aphasia, the third 
was of left hemiplegia. These occurred on successive days and lastcid 
a few hours. Five days later he had a fourth attack. During the 
following ten days he hiul three more, one right-sided, two left-sided. 
All this time he was growing more feeble, but after eiich attack the 
paralysis passed off in a few hours. Six days after the seventh attack 
he had an eighth which left a permanent left hemiplegia from which lie 
died four days later. Ills arteries were rigid, his heart was weak, but 
the sounds were clear. The diagnosis made was multiple thrombosis, 
and he was treateil by nitroglycerin and strychnine, the ailmiuistration 
of which in each attack seemed to be followed by a recovery from the 
paralysis. The autopsy showed multiple areas of softening due to 
tlirombosis. In several cases multiple lesions were found at autopsy. 

There is no rule to determine the interval between attacks. A few 
months, a year, or even ten years may elapse before the recurrence. 
The average in twenty-two cases showed that the chance is in favor of 
a second attack within two years of the firet one. But one of my 
patients did not have his second attack until fifteen years after the first 
one. 

The Terminal Condition. — The course of the disease after an attack 
* Journal of Nervous and Mental Diseases, April, 1900 ; Octolier, 1903. 
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of aiKjplexy is usually one of slow improvement and a greater or less 
degree of recovery. The terminal condition may be much more favor- 
able than the original symptoms would lead one to suppose. 

Many patients remain in a tiondition of partial mental enfeeblement 
with less control of the emotions than before the attack, and some 
defects of memory, especially of events occurring about the time of and 
Bubseciuent to tlie attack. 

Many patients suifer from a partial hemiplegia. The fac-e recovers 
almost entirely, a slight ilatuess on one side, and a little deviation of 
the tongue only remaining. Often the facial expression of amusement 
or of grief is jxjrfectly sliown when voluntaiy movement is at fault. 
Sometimes, as in one of my cases, tlie voluntary power returns in the 
face, but the paralysis is evident when emotion is shown. This 
patient had hemiplegia with hemiansesthesia. The arm is usually 
permanently panvlyzed to a greater degree tlian the leg, and is more 
commonly subject to contractures. The flexor muscles are usually 
contracted and hold the elbow flexed, the wrist flexed and prouated 
and the fingers closed, and the extensors and supinators being weak 
cannot overcome them. In one patient the arm, forearm, and fingers 
were rigidly extended, the fixed position being similar to ^at assumed 
in reaching out for an object a foot away from tlie hip. The conse- 
quence is a marked deformity of the hand in severe cases and an 
awkward movement in light cases. A rigidity of the muscles develops 
within two mouths of the onset, or sooner, so that even passive motion 
is difficult. This may sometimes be overcome for the time being by 
massage, by rapid motions of flexion and extension of a limb by hot 
applications, or by an Esmarch bandage. As a rule, the rigidity is 
absent when the patient is asleep, and only returns after waking when 
he begins to move the limb voluntarily. Tlie limb may be so stiff as 
to be painful, and pain on motion of the joints is a frequent complaint 
in hemiplegic patients. The arm is usually held close to the side, and 
complete abduction or circumduction at the shoulder is rarely possible. 
The leg is also rigid, is moved as a whole, and is held straight. The 
flexors of the knee and the extensors of the foot are paralyzed to a 
greater degree than other muscles, and their opponents are held rigid, 
lienee the knee is not bent in walking, and the foot often assumes an 
eiiuino-varus position. In very severe old cases in which the patient 
is confined to bed, an extreme flexion of hip and knee with adduction 
of the thigh may develop. The rigid muscles may be hypersensitive 
to percussion or may be too rigid to contract when tapped. 

The tendon reflexes are uniformly exaggerated on the paralyzed 
side, and not infrequently on the healthy side as well to a less degree. 
Ankle clonus is easily obtainetl, and in extreme cases of hemiplegia I 
have obtained a clonus by depressing tlie patella, by depressing the 
toes, by extending the wrist or fingers or thumb. In cast's which 
recover entirely from paralysis this increase of tendon reflex may 
remain. Babinski’s reflex is always present. 

In some cases subsequent to hemiplegia a slow spontaneous but in- 
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voluntary movement begins in the upper extremity, producing flexion 
and extension of the fingers and hand and often extensive motions of 
the elbow and shoulder. These are more nirely seen in the foot and 
in the face. This is athetosis. It is increased by any voluntary effort 
of the paralyzed or of the healthy hand, and cannot be arrested. Enio- 


Fia. 217. 



Athetold moTemonti of the fingen. (Curachmann. ) 


tional excitement also increases the motion. This symptom is seen in 
infantile hemiplegia oftener than in adult cases, but it occurs in adults. 
I have known it to cause peculiar grimaces in the face and an interrup- 
tion of speech from contortion of the muscles of the face and tongue. 
Hammond ascribed it to a lesion of the optic thalamus, but it is now 
r^rded as an evidence of cortical irritation. When such symptoms 
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are due to lesions in the optic thalamus it is probable that the lesion 
eauscs an irritation of sensory fibres which is conducted to the cortex, 
and there gives rise to motor impulses. Thus in several children suf- 
fering from athetosis no cortical lesion has been found at operation. 
The most pronounced ease in an adult that I have seen developed after 
an operation for the removal of a brain tumor from the jMJsterior cen- 
tral convolution, and continued for a year after the operation, subsiding 
slowly as voluntary power was regained. I aseril^d it to pressure 
from a clot which was gradually absorbed. Hemiathetosis is, there- 
fore, an occasional sequel of an apoplectic attack. Hemitremor is also 
occasionally developed, a tremor which may be constant even during 
rest, or which may only occur on voluntary motion. It occurred in 
but one of my cases. Rhein ‘ has shown that it indicates a lesion of 
the lenticular nucleus in some casts. Hemichorea may remain after a 
hemiplegia has subsided. In one case where it had been a symptom 
for fifteen years Aufschlagcr found an old cyst in the optic thalamus. * 
In other cases lesions have l)ccn found in the superior cereljellar 
peduncles or in the red nucleus of the tegmentum. 

The lack of voluntary exercise usually leads to a slight atrophy of 
the paralyzetl muscles. An extreme and rapidly advancing condition 
of atrophy without any change in electrical reaction has been occasion- 
ally observetl, and cannot be explained. 

The joints occasionally become painful, probably from disuse, and 
require massage and passive motion. A true synovitis with hemor- 
rhage into the joint sometimes develops, as Charcot jK)lnte<l out, but 
this is exceedingly rare. I have nev«!r seen a (!asc, and question any 
causal relation between the apoplexy and its occurrence. 

A condition of hemiansesthesja, hemiataxia, and hemianopsia occa- 
sionally remains. The first brings with it a disagreable sense of ting- 
ling or numbness, and leads to awkward movements even when ataxia 
is absent. The second leads to marked incoordination, of finer 
motions, and patients drop objects from their hands when not looking 
at them. Hemianopsia is rarely recovered from, but pjitients become 
accustomed to having but one-half of the field of vision clear, and guard 
against accidents from objects appraaching the blind side. Deafness 
from brain lesion is so rare as to be a curiosity. Mills has reported a 
case with bilatcnd destniction of the temporal lobes. These defects of 
sensiition are much more likely to remilin stationary than is the condition 
of paralysis. Any one of the many forms of aphasia already described 
may jjersist after a vascular lesion. In fact it is largely from the 
study of small local areas of softening of the brain «lue to embolism or 
thrombosis that our knowledge of the possible forms of aphasia and 
apraxia is due. It is not necessary to recount these symptoms here. 
The peculiar combinations of cranial nerve symptoms with hemiplegia 
characteristic of pons and medulla lesions need not l)e described, as 
they have been considered in the chapter on ditignosis of local lesions. 

*.Joiir. Nerv. and Mcnt. Dia., Dec., 1907. 

* Zeitachrift f. klin. Med., Bd. LI., th. 2 u. 3, 1903. 
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Diagnosis. — ^An apoplectic attack may be distinguished from an at- 
tack of syncope by the pallor, stoppage of hejirt, and weak respiration, 
dilatation of the pupils, preservation of knee-jerks, rapid recovery, and 
absence of coma, or subsequent local symptoms of a brain lesion in 
syncope. 

An epileptic attack, with cry, biting of the tongue and general con- 
vulsion is followed by a state of coma which may l>e mistaken for 
apoplexy when no histoiy of the onset can be obtained. But an epi- 
leptic’s tongue is scarred, and there are usually scars upon his head or 
extremities as cvidenc3 of prior attacks. Epilepsy is a iliscase of youth, 
and tlie epileptic rarely shows signs of the vsiscular conditions which 
lead to apoplexy. The coma is not very deep, the patient when aroused 
shows no paralysis, the pupils are equally dilated, there are often hemor- 
rhages in the conjunctiva and capillary hemorrhages on the face. And 
within an hour or two n^turning consciousness enables a history of prior 
attacks and tlie absence of any paralysis to be established. 

The coma of alcoholic intoxication is not as deep as that of apoplexy, 
and the drunken man can u-sually be aroused, and giv(is evidence of 
his condition by his breath, his dirty appearance, his maudlin resist- 
ance, his delirium and restlessness, and his lack of paralysis. The 
corneal and pupil and tendon reflexes are preserved. It should not 
be forgotten, however, that some cases of apoplexy ooxsur in a stiitc of 
intoxication, or from traumatism in this state, ami symptoms of com- 
pression of the brain, unilateral paralysis, or inequality of the pupils, 
should lead to careful watching in any case of doubt. Tin; signs of 
alcoholic intoxication will pass off in a few hours, a brisk purgsitlve or 
a large Sidt enema hastening recovery. 

The coma of opium poisoning is attended by very slow respiration, 
small, rapid pulse, cool skin of blue color, and extreme contraction of 
the pupils ; it is never as deep as the coma of ajjoplexy, and never 
attended by unilateral symptoms or loss of the corneal or tendon 
reflexes. 

A uraemic condition leading to convulsions and coma may be mis- 
taken for apoplexy if a full history of the preceding sympt«)ms of 
nephritis is not obtainable. But tlie symptoms of oedema of the tibiae 
and face, the urinary odor of the breath, the small amount of bUsKly 
urine of high s]iccific gravity and loaded with albumin and contiiining 
casts will point to the correct diagnosis in cases of acute Bright’s dis- 
ease. Ummic coma is the culmination of an attack which latgius with 
vomiting, headache, and convulsions. In cases of chronic cirrhotic kid- 
neys aiKiplexy is a common (Kscurrence, and hence in such eases the 
finding of casts and albumin in small amount, with urine of a low specific 
gravity, does not aid in the diagnosis. And here it is only by the 
absence of the active local symptoms of apoplexy, especially the lack of 
unilateral paralysis or difference in reflex actions on the two sides, that 
a diagnosis is to be reached. It is often wise to watch a case for 
twenty-four hours before arriving at a conclusion. 

The same may be said of diabetic coma, though here the exami- 
32 
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nation of the urine is of far greater value, as the glycosuria which 
follows a cerebral hemorrhage is rarely as extreme as that found in 
diabetes. The odor of acetone is unmistakable, and is not present in' 
apoplexy unless tliis is associated with diabetes. In cases of doubt 
reliance must be placed upon the previous history, as diabetic coma is 
not of sudden onset, is usually preceded by head^he, anxiety, distress, 
and sensations of suffocation, followed by somnolence. But it is to 
be remembered that diabetic patients sometimes have apoplectic 
attacks. 

An apoplectic attack may be the first symptom of general paresis, 
or may occur at any time in the course of the disease. The symptom 
will then be due to a hemorrhage in the meninges, usually a dural 
hematoma, and will be identical with those of a cortical cerebral hemor- 
rhage at Ac time of the attack. The history of mental symptoms of 
a grandiose kind, of mental failure, and loss of memory ; of attacks of 
emotional excitement ; of disturbances of speech ; of unusual physical 
efforts in a person really weak ; of exaggerated knee-jerks, and other 
signs of paresis, will lead to the diagnosis. And the result will be a 
much more rapid and complete recovery from the hemiplegia or aphasia 
produced by the attack than is ever seen in a hemorrhage which destroys 
the brain. 

The differentiation between cerebral hemorrhage, thrombosis, and 
embolism is always difficult and often impossible ; but when the char- 
acteristic symptoms of any one of these Sections are present a prob- 
able du^osis can be reached. 

In hemorrhage, if the penson is young, there is a history of whoop- . 
ing-cough, of convulsions, or of purpura ; if old (and tlie majority of 
cases occur after the age of forty), the individual is ruddy, muscular, 
or corpulent, has a history of nephritis or of endarteritis, has no his- 
tory of syphilis, has no cardiac murmur, but has a strong and possibly 
hypertrophied heart. There is usually a history of mental excitement 
or physical exertion preceding the attack, but rarely any history of 
premonitory vertigo or mental confusion. There is a histoiy of very 
sudden loss of consciousness, with flushing or cyanosis of the face, a 
marked pulsation of the bloodvessels, the pulse being full, slow, and 
irregular, of high tension, a slow stertorous respiration, and deep coma 
from which these patients cannot be aroused. There is often a differ- 
ence in the size of the pupils, and they fail to react to light, and the 
eyes are turned to one side. During the first day there is a fall of 
temperature to 97.5° F,, followed by a slow rise to 102° F. A rigidity 
of the paralyzed limbs occasionally appears, but unilateral twitching 
or convulsions are rare. The paralyzed side at first feels cooler, but 
when the temperature of the body begins to rise it is often found to 
be a degree higher than the other side. The paralyzed extremities 
are sometimes slightly oedematous, often cyanotic, and swetit freely. 
The urine often contains albumin and sugar after a hemorrhage. A 
.^pid increase of leucocytes in the blood follows hemorrhage. When 
the patient recovers consciousness after twenty-four hours, or not until 
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after two or three days, he is much dazed, comes to liimsi'lf very slowly, 
complains of pain in the head, is restless, and tries to move ; is sleep- 
less, bat is very dull mentally and incapable of showing an apprecia- 
tion of his condition for at least a weiik. Hemiplegia is almost always 
present; often associated with ‘hemiamesthesia, and sometimes with 
hemianopsia, though the two latter symptoms may subside within the 
first ten days. Aphasia is almost always present if the right side of 
the body is paralyzed, but is rarely one of the pure special types, such 
as word-deafness, or word-blindness, or a pure motor aphasia. Bed- 
sores occur more frequently in ciases of hemorrhage than in thrombosis 
or embolism, and so docs pneumonia. During tlie month following a 
hemorrhage there is a gradual but steady improvement in both mcnbil 
capacity and in the local symptoms. Some permanent defect, however, 
is always left with signs of secondary degeneration in tlie motor tract 
in the majority of cases. Retinal hemorrhages occasionally may be 
seen with the ophthalmoscope. 

In thrombosis the patient if young has a history or physical signs of 
syphilis, and if old is the subject of endarteritis, his temporal arteries 
being tortuous, his radial arteries hard, his pulse irregular, and his 
second heart sound accentuated. There may be a history of some 
acute illness, especially of an infectious type, just prior to the atbick. 
There is a history of some premonitory symptoms extending back 
several months, such as headache, vertigo, or insomnia, even if there 
have been no slight attacks of numbness or of paralysis. It is particu- 
larljr in these* cases that the prodromata which have been described 
occur. There is no nephritis, and the urine is normal. There nuiy 
be a history of some shock or fright, of some general sense of faintness 
or weakness just prior to the attmsk. There is usually a slow onset of 
the athick, giving a few moments of alarm and conscious illness ; in 
fact, the patient may feel his paralysis coming on before consciousness 
is lost. In the majority of the cases there is no Iors of consciousness. 
The face is pale, the pulse nomnil, not full or slow, the respiration is 
r^ular, and there is no fall of temperature. The pupils are equal and 
rejict to light. The coma is not very deep when it (wicurs, and irrita- 
tion of the body produces automatic movements which show one side 
to be paralyzed. Twitehing of the limbs is common, convulsions rare. 
The coma docs not hist more than twelve to twenty-four hours, and 
when consciousness returns the mind is clear, at first, though excite- 
ment and even delirium often follow. There are no signs of increased 
intracranial pressure. The local symptoms are less extensive than in 
hemorrhage, and ratlier more so than in embolism. They show con- 
siderable variation in the first week. Thus a hemiplegia may pass into 
a monoplegia, a hemiansesthesia may wholly disappear, and a general 
aphasia subside into some special type, as word-deafness or word-blind- 
ness. In other words, the compcnsatoiy collateral circulation in the 
brain being established and the initial o^ema subsiding, the functions 
at first suspended may be resumed. But the area of the brain perma- 
nently softened does not get back its power, and hence iiermanent local- 
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izablc symptoms of small extent remain, and these show little tendency 
to improve. Mental symptoms of the nature of impairment of memory, 
loss of emotional control and excitement as permanent symptoms are 
more common in thrombosis than in hemorrhage or embolism, and both 
precede ami follow the attack. And tliere is a marked tendency to 
recurrence of attacks, usually without loss of consciousness, with a 
renewal of symptoms which have in part subsided, or with new symp- 
toms of a local kind. The ophthalmoscope may show arterial sclerosis 
in the retina. 

In embolism the patient is usually young and has an audible hesirt 
murmur or a history of phlebitis, endocarditis, rheumatism, or infec- 
tious disease ; is not the subject of nephritis, and has no signs of endar- 
teritis. He has no special apoplectic appearance, and is pale rather 
tlian ruddy during the attack. The attack occurs without premonition, 
and not after effort or motion. It is not always attended by a loss of con- 
sciousness. When coma o<!curs, and as a rule it does not, it is not very 
d<!cp, and irritation of the lK)dy usually causes some automatic motioius, 
even if there is no semicwmsciious resjK>nse. The pulse is not full and not 
slow, but is stnsh as would be present in the cjirdiac state found. The 
respiration is rarely stertorous, and the temperature dots not fall. The 
pupils are not unequal in size and usually react to light. Unilateral 
8pa.sins, or twitehing of the jraralyzed limbs, or convulsions beginning 
in one limb and extending to otliers finally becoming general, are not 
infrequent, and during the attack and after con8cionsne.ss is regained 
these may recur. There is no differentie in the temjMsrature of the two 
sides, and no oetlema or cyanosis. Leucocytosis is less marketl than in 
heraonliage. When the patient recovers constuousness he does so 
rapidly, tloes not complain of symptoms of pressure in the brain, but 
often passes into a state of delirium which may last some days. Ex- 
tensive! lo<!id symptoms are much less common than limited ones. Thus 
some special tyj»c of aphasia ejisily distinguished from other types, 
monoplegia rather than hemiplegia, or hemianopsia alone are the symp- 
toms found after the third day. There is often a very surprising im- 
provement in all the local symptoms on the second day, with a return of 
them on the third or fourth day, followed then by a very slow improve- 
ment. Sometimes the local symptoms are permanent. In other cases 
they may entirely pass away, and fto trace of the attack may remain. 

The ophtlnilmoscope may show embolism of the central artery of 
the retina. 

When in any case the symptoms mentioned are present tliere is little 
doubt as to the diagnosis. But in imuiy cases there is an absence of 
many of the distinguishing symptoms, and a differentiation is impossible. 
This fact is substantiated also by autopsy records. Thus in twenty cases 
of supposcid embolism where (sirdiac diseaat! was present and the attack 
was &irly typical, nine were found after death to have been cases of 
hemorrhage (Klebcr 1). It has been my exiierience that in few con- 
ditions are errors of diagnosis more common than in apoplexy. 

‘Von Monnkow. Geliimpathologie ; Spec. Path. u. Ther. von Nothnagel, Bd. xi., 
a 77G. 
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An heroic methcKl of <liiignosis, hy boring a liolo in the skull and 
as{)initiiig the bmin, thus finding h<*tnorrhag('S and relieving pi-essim*, 
has Imh'U adv()(!iit<Hl by Neisser/ who reports a <!as(> of extra-dural 
liemorrhage in the posterior fossa, in which 180 ec. of bloial was 
removed. 

Prognosis. — The progtjosis in an apoph'ctic attack d(*pen<ls some- 
what upon the cause of the apoplexy. Cerobral hemorrhage is much 
more likely to Imj fatal than thrombosis or embolism. It also tlepends 
upon the underlying tsause of the atUick and the prognosis of that alfec- 
tion. The first atfcick is less likcily to l)e fatal than subsecjueut attacks. 
The older the patient the less likelihood of his recovtuy. Very <leep 
coma, its duration for more than a day, a rapid fall of temperature, or 
a rapid rise of temperature, the development of Cheyne-Stokes ix'spir.i- 
tioii, heavy stcrtor, the deviation of head ami eyes t<» one side, are all 
important an«l very unfavorable symptoms, a sudden extrane <legree of 
arterial tension, over 240 mm. ; or a sudclcn fall of baision, below 80 
mm. is unfavorable. (Scxj p:ige 4(5(1.) If <!()nvulsions oc(iur with 
signs of iucreastsl iutmcranial pressure a vcntri<!ular hemorrhage has 
probably occurnid and dojitli is snre. Retinal hemorrhiiges are of bad 
import, as they show a high degree of i)rcssure in the skull, and hcnc»‘ 
a large clot. Bilateral paralysis, esiiecially if attended by tinuiial 
nerve palsies, shows a lesion of the pons or medulla which is almost 
surely fixtid. It is not to be forgotten that a slight attack may be fol- 
lowed immediately by another, more stivere, and this by a fatal attiiek. 
If the patient recovers con-sciousness after the attiuik the dovelopnuait 
of dcilirium, of high temperature, of insomnia, of great restlessness, of 
pain in the paralyzed limbs, a tendency to bed-.soras, and the lailuro 
to (iontrol the sphincters make a fatal termination within two weeks 
probable. If few or none of these symptoms o(!cur, and the temper- 
ature betwmes normal within a week, and some slight improvement in 
the local symptoms is manifest, life will probably be spannl. 

The greatest caution must be exercised in giving a prognosis on the 
d(;gree of recovery from the local symptoms. 

Aphasia which is general at the outset always passiis away in part, 
and hiis, in ray cxiKjrience, more chance of improvement than any other 
local symptom. A pure type of aphasia, motor or seus«)ry at the out- 
set, is usually permanent, though cKin'ful eilueution enables a piitient in 
the course of time to regsnn his speedi at least to some xlegree. Aphasia 
alone without hemiplegia may be entirely rexiovered from, or may 
remain permanent and iiuiurabk?. In 5G tsises of attacks of apbasia 
14 recovered the use of speexih tsompletxly. 

Hemiplegia, even if total, nniy not remain. It usually jtasses off in 
part, and it is ssife to predict that the patient will walk iigain, even in 
severe cases. In one case undx^r my care the patient walked well at 
the end of a yesir, though he had made no voluntary movement what- 
ever in arm or leg at the end of three months. In another case a year 
elapsed before the patient could stand alone, yet two yesirs later he 

‘Dent. ZeitHch. f. Ncnrcnh., Vol. xxxiv., p. 6. 
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walked witliout a cane. The arm and hand are always more completely 
and permanently paralyzed than the leg, and many patients who can 
walk well never regain the power of writing or of feeing themselves. 
Yet I have seen complete return of all but tlie very finest of motions, 
such as the power to pick up a pin or to button the clothing. The 
increase of reflex in the knee and ankle is not an unfavorable sign. 
But if contracture of the limbs develops after tlie first month a complete 
recovery never takes place. In the series of 200 cases here collected, 
of 177 patients with hemiplegia 22 recovered completely, and in every 
patient who lived beyond the second month a very marked improve- 
ment occurred. The sooner the return of any motion the more com- 
plete will be the eventual recovery. The paralysis commonly passes 
away from the face entirely, so tliat only on very careful testing is a 
difference in the two sides to be seen. This is probably liecause even 
in bad cases the instinctive movements of facial expression are not 
affectctl, excepting when tlie optic thalamus is destroyed, and the con- 
trol of the face is bilateral in many persons. The tongue usually re- 
covers with the face. It is evident, therefore, that a promise of much 
improvement in tlie power of motion may almost always be given. 
Post-hemiplegic athetosis and tremor rarely if ever subside or improve. 

The prognosis in regard to sensory disturbances is less favorable 
than in regard to paralysis. The initial hemianffisthesia usually sub- 
sides. But when it persists more than a month it never wholly leaves 
the patient, and it is usually attended by a feeling of tingling and 
numbness which gives rise to much discomfort. This numbness also 
makes a patient awkward in Ids movements, even when it is not asso- 
ciated with paralysis. 

Hemianopsia when due to shock or to pressure on the visual tract 
usually passes off within ten days or two weeks. If it persists beyond 
that time it is due to a lesion of the tract or cortex, and is incurable. 
I have never seen the symptom of hemianopsia pass away when it had 
persisted one month. The limits of the visual field may extend a little 
an«l the patient may lestrn in time to disregard and even to foiget his 
blindness, but a perimetric examination usually shows tliat it is 
stationary. 

The irregular motor and sensory and cranial nerve symptoms due 
to lesions of the crura, pons, and medulla, when they are not followed 
soon by a fatal ending are usually permanent and have a bad prognosis. 
They are due to a rupture of small tracts which never unite, and are 
followed by secondary degenerations which are permanent. 

The cerebellar symptoms often pass away, but a tendency to vertigo 
may persist. 

The mental symptoms attendant upon an apoplexy are never abso- 
lutely recovered from, and after each attack they are more marked and 
permanent. When they are due to the underlying endarteritis it is to 
be expected that they will be even worse after than before the attack. 
The actual obscuration of ideas following the attack, the inability to 
comprehend, to think, to judge, and to act slowly subside. The flow 
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of ideas becomes clearer, and if there is no aphasia it may l)e possible 
for a man to make a will within two weeks of the attack. But sub- 
sequently to an attack the mind may be permanently enfeebled, and 
when an emotional state develops, and the memory is easily confused, 
and the effort of continuous talking or reading causes distress for two 
months after an attack, it is a question whether it will ever be possible 
for the mau to resume his occupation. Yet it is often amiusiug to see 
how accurately a business man can judge of his affairs, and how clearly, 
even though aphasic, he can indicate his desires ib regard to important 
matters while severely paralyzed. In the series of 200 cases, mental 
symptoms were permanent in 63. But in several cases where more 
than two slight attacks occurred it was these symptoms which remained 
and which rendered the patient incompetent after the aphasia and 
hemiplegia had entirely subsided. 

A very rapid improvement in all the locjil symptonxs after an apo- 
plectic attack should not invariably be regarded with favor, as this is 
the history in attacks occurring in oases of general paresis. Such a 
recovery should awaken a suspicion of this affection, which, if found, 
will greatly change the prognosis. 

It is always to be remembered that, excepting in children, one 
attack of apoplexy predisposes to another. Endarteritis is a steadily 
progressive disease. No prognosis can safely be given as to the length 
of the interval between attacks, but a second attack is reasonably 
sure. 

The prognosis in cases due to syphilitic disease of the arteries is not 
more favorable tlxan in other cases; for ho amount of antisyphilitic 
tn:atment can affect the condition of softening due to a thrombus in an 
artery the subject of obliterating endarteritis. It is, therefore, a mis- 
take to give a good prognosis in syphilitic cases or to promise any more 
from treatment in such cases than in others. In fact these psitients are 
more liable to recurrence than others, and hence the prognosis is worse. 
An obliterating endarteritis is not to be cured. My experience in this 
respect is quite the reverse of that of voii Monakow.* The eventmil 
prognosis after the end of the sixth month is mucih worse in cases of 
embolism and thromlwsis than in hemorrhage. For in the former the 
symptoms then present show the permanent effect of softening, while 
in tlie latter a shrinkage of the clot and its scar or cyst may go on for 
two years. 

Treatment. — For a person who has beginning endarteritis’ it is 
essential to adopt a manner of life which will arrest the pregress of 
the affection and prevent its most serious result. It is gtmeridly agreed 
that a diet which is simple in character, without rich siiwtes and strong 
condiments, and which does not contain an excess of nitrogenous matter, 
is the one least likely to inci’ease the arterial disease. Patients there- 
fore should not eat a great deal of meat, eggs, or cheese, and many are 
better for avoiding milk. It is most important to avoid alcohol in any 
form, and the use of wine, beer, and spirits should be forbidden. Strong 
* Qehimpathologie ; Spec. Path. u. Ther. von Ifotlinagel, Bd. ix., S. 870. 
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coffee and tobacco are also supposed to induce endarteritis, and should 
be used iu moderation only. A proper care of the digestion is there- 
fore impenitivc. An annual visit to Carlsbad for a mild course of 
treatment, or to Saratoga for a corresponding cure, is most advantage- 
ous. The habitual use of water both with and between meals is to be 
urged. A fair amount of exercise not of an exhausting character is to 
be eommenthid, golf and horseback riding being advisable as equally 
good means of out-of-door exercise, and billiards or Indian-club swing- 
ing with liglit clubs the best indoor forms. Tennis, or lifting weights, 
or rowing are to lie avoided, sis they put too severe a strain msou the 
heart for a jHirson with endarteritis. Exercise should cause a mild 
pt*rspiration, but if followed by exhaustion or palpitation, is objection- 
able. Many {lersons live more comfortably without exercise, but if the 
lack of it induces olxisity it must be taken. Tepid or cool bsiths are 
preferable to very hot ones, and the sudden shock of cold is to be 
avoided. A climate should be sought without great extremes of heat 
or of cold, and chills should be guarded against. As the accurate 
observsitions of Carter * have proven that iodide of potassium does not 
decrojisc pulse tension, I see no reason to believe that its continneil use 
in small doses, which is advisetl by many authors, can in any way pre- 
vent arterial disease. Hut a person who has had syphilis should 
certainly take a course of mercury every thwM) ycara and a course of 
iodide of {mtassium every six months, to prevent the development of 
endarteritis. ^ 

Patients who have any arterial disease should avoid sudden exertion, 
and this is a good rule for every one over forty-five years to follow, as 
many cases of apoplexy occur after exertion in apparently healtliy per- 
sons. The existence of miliary aneurisms is often unsuspected until 
they rupture after a sudden effort. Thus one of my friends, a healthy 
woman of fifty years, lifted a trunk and immeiliately had a cerebral 
hemorrhage which killed her. It is just as imjKjrative in persons with 
endarteritis to avoid exhausting effort as it is for one who has heart 
disease. And mental or emotional excitement of an intense kind is 
equally to bo avoided. Contentment, with a moderate degree of sucisess 
and wealth, is better than fame or riches bought by an apoplexy. 
These precautions should be particularly ui^ed upon patients who are 
known to have nephritis. 

The treiitment of an attack of apoplexy depends upon the cause, as 
hcinorrhiige, or softening, require exactly opposite measures. 

If it is apparent that a hemorrhage has oiicurred the patient should 
not be carried far, or jolted in the process, but should be placetl in be<l 
with his head somewhat higher than usual, and should lie upon the 
non-|Kiralyzcd side rather than upon the other, or upon his back. Res- 
piration is always hampered by the accumulation of saliva, by a falling 
backward of the larynx, and by jMiralysis of the respiratory muscles on 
one side. If the patient lies on the non-paralyzed side the saliva runs 
out, the larynx does nyt become obstruct^, and the weak side expands 
, * American Journal of the Medical Sciences, 1001, vol. cxzii., p. 834. 
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better than if it is held down by the weight of the boily.* If gravita- 
tion acts at all on the clot, it should not favor its rupturci into the ven- 
tricle, hence the side of the brain which is injured should be against 
the pillow. The full, beating pulse whicli ten<ls to intirease the bleed- 
ing is often the result of carbonic acid poist^ning from imperfect res- 
piration. All obstrucitions to breathing, tight clothing or ncck-bands 
sliould, of course, be removed. The mouth should bo wiped out fre- 
quently with an albilinc antiseptic solution. All exertion, such as 
swallowing, and the consequent coughing which inevitable choking 
produces, are to be avoided, hence no attempts at medication by the 
mouth arc to be tried during the coma. Vomiting is always dangerous 
to the patient, from the strain and the possibility of inhaling particles. 
It may be arrested by a mustard leaf on the epigiustrium. If the face 
is red or cyanotic, the pulsii full, the coma deep, the tempeniture low, 
the respiration labored, venesection is indicated, and from twelve to 
eighteen ouruxts of blood should be taken from the arm at once. It 
will do no good unless done within a few hours of the atUick. In hos- 
pital cases I have seen this cause great relief, and believe I have seen 
it save life. It should be employe<l much more freely than it is iti cases 
cerebrsd hemorrhage. That it is a harmless measure is shown by its 
g((aeral use in the last century for all sorts of diseases. The reaction 
against its abuse has led to its neglect in cases where it is indicated. 
The cases in which it does harm are cases of weak heart, small pnlse, 
and general ansemii), Phuiing a tight bandage around tlie limbs near 
the body will prevent venous blood from returning, and thus take some 
blood from the brain, and this is a meiins to be used when bhxiding 
cannot be done. Mustard paste to the legs or back of the neck ac- 
complishes similar results, but serious blisters are too often caused in 
states of un(!ons<!iousness by tluise means and by hot bottles to make tluar 
use advisable. Applications of ice to the head are usually ordered, but 
it is questionable if they do good. Tliey are, howevesr, sigreeable to 
some patients when consciousness returns and there is pain in the hesul ; 
hence it is possible that they relieve congestion. No attempt should 
be made to arouse the patient fn)m the coma or to fesed him, and when 
he begins to recover, all excitement, the prescnicc of sevend |)ersons, 
and attempts to feilk, should be prevented ; and c^uict in a darkened 
room should be preserved. When it seems certain that a hemorrhagtj 
is occurring the use of adrenalin hyp<jd(TmicaIIy or by the recitum is 
advisable. It is also well to ciuise free purgiition by giving two <lrops 
of croton oil in a little butter. Tliis put on the tongue will be absorbed 
in the mouth, and is not likely to eauscj (dioking if swallowed. Con- 
vulsions may be controlled by chloroform or by chloral hydrate given 
by rectum in twenty-grain doses. 

When the patient recovers constnousness his anxiety should be 
quieted by reassurance that the danger is over. No attempt at feed- 
ing should 1 m! made until he feels hungry, and then cold milk only 
should be given for the first three or four days. If there is difficulty 
‘ R. L. Bowles, Btertor and Apoplexy. London, 1891. 
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in swallowing a small tube may be introduced through the nose, a 
spray of cocaine being first used in the throat, and milk given through 
this. Water may be given freely if desired, and, in cases of nephritis, 
should l)e lu^l upon the patient. In such cases, if there is not a free 
excretion of urine, an enema of salt solution will be advisable. Heart 
stimulants should be avoided, and wine, coffee, or tea are not to be 
used unless a condition of weakness of ^e heart becomes very mani- 
fest Aconite in small doses frequently repeated is of service, as it 
quiets the increased activity of the heart. Hypodermic injections of 
camphor, two grains, dissolved in thirty minims of olive oil is tlie best 
heart stimulant if one becomes necessary. If the patient is very rest- 
less bromide of sodium in tliirty-grain doses every six hours may be 
given, and if sleepless, trional in fifteen-grain doses may be used. 
Tepid sponge baths with alcohol are very quieting and refreshing. 
Great care should be taken to keep the body clean. The bladder 
should be emptied by catheter every three hours to prevent soiling of 
the bed, and a daily enema should be used to clean out the rectum. 
Castor oil, or aloes, or cascara may be given to keep the bowels open. 
Pads of oakum or cotton may be used to prevent pressure, and the 
position must be changed every little while to relieve restlessness and 
prevent bed-sores. An air-bed or water-bed is rarely necessary, but 
may give comfort. 

It has long been the custom to give five or ten-grain doses of iodide 
of potassium three times a day to assist the ai)sor{>tion of a clot. 
Those who believe that it will accomplish any result may continue 
to use it. 

If it is apparent that the stroke of apoplexy is due to an embolism, 
or a thromlrosis, and the imticnt is pale and the heart is weak, he 
should be laid flat in bed, and heart stimulants with vastxlilators should 
be used at once. A hypodermic injection of nitroglycerin, one one- 
hundredth grain in whiskey or cognac should be given, and the alco- 
holic stirnulant repeated or given with hot water as an enema. Ammonia 
may be inhaled and Hoffman’s anodyne may be used. Heat should 
be applied to the body, but the measures recommended in hemorrhage 
— venesection, purgation, ice to the head, and adrenalin — are con- 
traindicated. If convulsions occur chloroform may be used or chloral 
in large dose by enema. Absolute rest should enforced, no effort 
allowed as the patient recovers consciousness, and then, when he is 
able to swallow, supporting finxl, mild stimulation with coffee, hot 
drinks, milk, and bwf tea should be given. These measures are of 
great value in the slight prodromal attacks which precede a stroke in 
cases of endarteritis. I have seen very marked and favorable effects 
from the use of caffeine citrate or the sodium salicylate of caffeine, 
three-grain doses every six hours. If the pulse tension is high nitrite 
of sodium in two- or three-grain doses every four hours may be used, as 
it is less sudden and mure prolonged in effect than nitroglycerin. • It 
may be given with the. caffeine. If an inflammatory reaction follows 
tbe embolism, and the temperature rises, and restlessness and insomnia 
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follow, the caffeine must be stopped, and bromide of sodium or chloral 
hydrate used. The latter in five-grain doses every four hours is of 
much service in these cases, as it does not increase the arterial tension 
and yet quiets the brain. Trional is also of service to cause sleep. A 
rapid relief from the coma not infre(iuently follows tliis treatment in 
cases of embolism or thrombosis as the collateral circulation is stimu- 
lated. In the cases where the temperature rises and active encepha- 
litis occurs, ice to the head, antipyretics, sutsh as phenacetin, acetanilid, 
cool sponging, and laxatives are indicated, but medication accomplishes 
little. 

When it is impossible to make an accurate diagnosis between hemor- 
rhage and thrombosis or embolism it is not safe to employ active me<li- 
cation directed to either condition, lest the damage to the brain may 
be increased. In such raises it is better to secure absolute rest ; to aid 
the respiration by position on one side ; to see that the condition of the 
heart and pulse is favorable, using either mild sedatives like aconite ; 
or mild stimulants like camphor and caffeine, us they are indicated ; to 
apply ice to the head, and if there is much restlessness to use bromides 
freely. When consciousness returns quiet should be ensured, a mild 
light fluid diet ordered, plenty of water given, the skin and bladder 
kept in order, the bowels evacuated by cnemate daily, and sedatives, 
bromide or trional, used if needed. 

In cases of mild onset without loss of consciousness the same degree 
of rest is to be secuied as in severe cases, and for at least two or three 
weeks afttir the attack, no matter how slight, no physical or mental 
exertion should be allowed. A light diet, plenty of water, ami mild 
laxatives should be used, and stimulants avoidral. The subsequent 
treatment should depend largely upon the condition which is 8US|M!cte<l 
or determined. As the majority of cases of slight attack are due to 
thrombosis in diseased arteries rather than to hemorrhage, vascular 
dilators and caffeine, with or without a small amount of digitalis, or 
spartein may be cautiously tried, and if found to Ixj of lienefit used 
more freely. If they cause headache or other premonitory symptoms 
they must be discontinueil. In cases where spasm or convulsive move- 
ments have occurred the use of bromide is indiraited. 

In ail cases the treatment of the paralytic condition following an 
apoplexy is really expectant. It is imiiossible to hasten the pnxiess 
of repair in the brain, and time alone can bring about a spontaneous 
recovery. 

During the two or three weeks after the attack the patient must not 
be allowed to sit up or to make any effort for any purpose. He must 
be fed, his bladder emptied by catheter, the bralpan usral for his evacua- 
tions, and he must not turn himself in bed when bathed. Cold appli- 
cations to the head should be kept up for a week or longer if they are 
agreeable to the patient. By the end of a week the diet may be in- 
creased and easily digested solid food may be given. A variety of 
fluids, such as lemonade and mineral waters, may be given, and weak 
tea and coffee may be allowed, but no stimulants, unless the case is one 
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of thrombosis. Tho position of the patient must be made as comfort- 
able as possible by the use of cushions supporting the arm and log, and 
their position may l)c changed often. Bathing with warm water and 
alcohol is very siM)thing, and may be done twice a day. No medicine 
is needed during this stoge unless it is some sedative at night. Con- 
stant enctouragement is uecided, and the hope of recoveiy must be stimu- 
lated. At the cud of two or three weeks in light cases, and at the end 
of four or live weeks in medium cases, the patient begins to dniw the 
leg up in bed or to straighten it out when it has been passively flexed. 
After such motions have been possible for a wee-k, but not sooner, the 
patient may be lifted to a chair and allowed to make attempts at statid- 
ing with the aid of two persons or one person and a emteh. It is not 
well for a patient to exert himself in this way too soon or too long, for 
fear of a relapse. And it does not hasten his rticovery to allow him to 
try. The paralyzed arm should be supported in a sling. 

The eases are few where it can be accunitely determined that there 
is a surface hemorrhage which am be remove<l by surgical interference. 
When this is the case there should be no hosibition in undertaking the 
openition. Thus in a case in which McBiirney trephinal for a trau- 
matic hemorrhage avusing aphasia and right hemiplegia, the subsequent 
progressive recovery would undoubtedly have been im[K)ssiblc had the 
clot not been remove<l.' In subcortiad hemorrhage where the arterial 
tension is high and increasing to the fafcd degree, as shown by the 
Riva Rocci apjairatus, the (sranium may l)e opcnetl and the intracranial 
tension relieved. This measure is not to be underteken, however, with- 
out good reason.* 

The traitment of the hemiplegia, which should be begun at the end 
of the second week, is by massage of the limbs daily or twice a day 
for fifteen minutes at a time, by passive movements of the limbs, and 
by the appliavtion of faradism to exercise the muscles, especially the 
extensors of the wrist, the muscles moving the lingers, and the flexors 
and extensors of the ankle and knee. These muscles should be exer- 
cised for a minute at a time, and the entire application should take half 
an hour. The facial muscles do not require eletdrioil treatment, iis the 
instinctive movements exercrise them. It should be distinctly under- 
stood that the effecit of electricity is limiUal to exercise. The use of 
gidvanism to the head has long since been abandoned as useless and 
possibly harmful. Any device which" will enable the patiemt to make 
voluntary motions, and thus exercise the muscles by act of will, is far 
more useful than electricity. Thus as soon as any power apj)ears in any 
muscle, the psitient is to ' be urged to use it. He can do this if the 
action of the op|>osing muscle be performed passively or by a mechani- 
cal device. Thus grasping a bulb which contains a spring will exer- 
(jise the flexors of the fingers while the extensors are still unable to 
open the hand ; pressing on the pedal of a sewing machine will exercise 
wcirk flexors of the ankle while the extensors are still unable to lift 

* Brain Surgery, Ca.se XVlII. 

’’ Harvey Cusliing, American Journal of the Medical Sciences, June, 1903. 
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the toes. Such devices not only serve to exercise the muscles hut also 
to occupy the patient’s mind, which is usually devoted wholly to the 
consideration of his state. Muscle beating helps some patients, and 
may l)e combined with massage. Warm applications followed by cool 
afiusions sometimes stimulate the circulation iu the limb and help the 
strength ; and as soon as walking is possible it should be allowed, and 
stepping over obstacles, and careful voluntary motions of the leg should 
be practiced, and the attention should bo directed to the act of walking 
so as to prevent a hemiplegic gait from being ac(][uircd. The same 
training as has beeu used by Fraenkel in the treatment of itMH)motor 
ataxia is very useful in cases of hemiplegia. (S(!e page 112 1.) 

The hcmianicsthesia may occiisionally be benefited within a wetsk by 
the application of a faradic current to the limbs, the faradic brush being 
preferred. If it has no eflfect, however, within a month of the onset 
there is no treatment which will restore sensiition, and faradism usutdly 
increases the subjective numbness which annoys the patient. 

The hemianopsia cannot be treated in any way, and it is ofUm w<;ll 
not to call the patient’s attention to it, as little by little it is ilisregarded. 
I have seen a number of patients who had bilateral homonymous hemi- 
anopsia but were uot aware of the fa(it 

The aphasia is open to treiitmeut by education in some ciiscs, but 
not in all. Practice in reading, in reading aloud, in natning objects 
and in writing is sometimes suwicssful in rctialling the lost memories 
and jxwers of expression. I have liad patients who learnwl to n;ad 
agiiin by the use of the betters of the alphabet j)riated on litth; cards. 
I have known patients who acquired a new language Imfore they 
relearned their own tongue. I have known patients who could sing 
before they could talk. I have known patients to carry about a little 
dictionary and to find in it the word tliey could recfdl by sight but 
could not utter, and thus to convey their idejis. If no attempts at reedu- 
cation are successful the deaf-and-<lumb languiige should be acquired, 
and it may interest the patient to teach him this from the outst^t, show- 
ing him large printed letters and letting him form a new association of 
ideas between them and the position assumed by the hands. If hemi- 
plegia attends the aphasia the well hand may be used. The cerclndlar 
symptoms usually subside spontaneously, but obstinate vertigo can some- 
times be relieved by the use of bromide. 

Post-hemiplegic tremor or athetosis is not benefited by any form of 
tre:itment. 

The mental symptoms cannot be treated. But the patients can be 
kept from (‘xcitement, from emotional strain, from mental eftbrt, and 
must have cheerful surroundings and mild forms of amusement. It is 
better for the general welfare of educated and active pc;rsons to allow 
them some definite mental occupation, and if new interests (tanuot be 
started it is better to permit some apparent resumption of professional 
or business life, and visits of former associates, than to allow them to 
drift into a state of mental depression over their apparently useless 
condition. Cheerful companionship, entertaining r^ing by a good 
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reader, games, tlie dictatiua of correspondence, and the general inter- 
ests of life may ailbrd sufficient occupation. And eventaally travel 
may be allowed. It is well for a person who has had one attack to 
avoid extremes of climate and high altitudes. A winter in a dry, mild 
climate like that of Bermuda, Nassau, California, the Nile, or the 
Riviera, and a summer in the mountains or by the sea, not exjmsed to 
great heat, will prolong life. 



CHAPTER XXVIII. 

THE CEREBRAL ATROPHIES OF CHILDHOOD. 

Infantile Ilemiplegia, Diplegia, Feeblo-inindednessi, Imbecility, Idiocy, Blindness, 

Deaf-mutism, Epilepsy. 

MALDEVELOPMENT OF THE BRAIN. 

Tiik brain may lie injured or diseased in foetal life, or at the time of 
birth, or during infancy, and in ttonscquence may fail to develop in a 
normal manner. When this occurs a condition of cerebral atrophy is 
found after death. The atrophy may be limited in its extent to a few 
convolutions, or may involve one lobe of the brain, or may affetit the 
entire brain in greater or less degree. Tlte symptoms produced by 
cerebral atrophy are numerous, but psitients are easily assigned to one 
of three groups of cases, in accordance with the chief Aiaturc presented, 
though in some patients the symptoms of all the groups are found. 

Clinical Groups. — The first group of cases is cliaracterized by 
spastic paralysis, which may be hemiplegic or diplcgio in type. In 
the diplegic form both may be aflFected, or both arms as well as 
both legs. The psiralysis is often accompanied by aphasia and by 
athetosis, and not infrequently by sensory defects, by imbecility, and 
by epilepsy. 

The second group of cases is characterized by mental defects of 
greater or less degree. These may vary from absolute idiocy to 
feeble-mindcdness, or the patient may show merely some peculiarity of 
conduct, indicating a lack of the highest powers of attention, and of 
reasoning, and of self-control. Epilepsy 'may develop in these cases. 

The third group of cases is characterized by sensory defects : either 
hemianopsia, or total blindness, or deafness, and consequent mutism. 
In these cases also imbecility and epilepsy may develop. 

Frequency. — Cerebral atrophy is not rare. I have records of 400 
cases. Of these 274 belonged to the first group, 219 having hemi- 
plegia, and 55 diplegia. Among these patients 100 were aphasic; 89 
had athetosis, and 90 had epilepsy. In 120 some degree of mental 
defect was apparent. To the second group 111 patients could be 
assigned, as the mental defects were more marked than other syrai)- 
toms. Sixty of the second group were epileptics. To the third group 
15 patients could be assigned, 7 being blind, 3 having hemianopsia, 
and’ 5 being totally deaf from birth. Six of these patients were 
epileptics, but none was imbecile. 

Etiology. — In some cases prenatal influences are responsible for 
the maldcvclopmcnt of the brain. Osier reports a case of hemorrhage 

611 
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fontid In the brain of a foetus, the mother having died of typhoid fever at 
the sixth month of pregnancy. Cotard has reported a similar condition, 
the mother having received an injury. Any severe disease in tlic mother 
may aifect tile development of the fietal brain. Syphilis in either parent 
may prevent a proper evolution of tlie child’s nervous system. Sachs 
holds that the frequency with which infants of neurotic, epileptic, alcoholic, 
and insane parents present cerebral defects is proof that prenabil influences 
are potent causes of ticrabral palsy and idiocy. It has been thought 
that cerebral thromirosis and encephalitis may occur in the foetus. 

Many cases (hite from birth. In these some evhlence of traumatism 
csvu usually Ire obtained. Thus in 177 of my 400 cases there was a 
history of diflicult lalwr, either a long protracted labor, or a malposi- 
tion KKiuiriug manual delivery, or instrumental delivery. In several 
cases labor wjis premature, and the child was kept alive with difficulty. 
In two cases the patient was a twin. In many cases the child was born 
asphyxiated. In all these cases it is probable that meningeal or cere- 
bral hemorrhage occurred during delivery, and that the pressure upon 
the brain or some injury to it prevented a normal development. 

In some csises the symptoms apjiear suddenly in a normal infant 
during the early yesirs of life, the first three years being the |M;riod of 
greatest ability. Among my patients eighty-two developed symptoms 
during the first year, fifty-eight during the second yesir, twenty-eight 
during the third year, the remainder later. Some raises are traumatic. 
Twenty-two of my patients had suffered from severe falls during iu- 
faiuy. Other cases were due to cerebral hemorrhage, embolism, or 
thrombosis, or to an acute encephalitis. Any of these conditions may 
occur as a complication of the infectious diseases of childhood, and 
hence cerebral palsies or idiocy may date from an attack of measles, 
diphtheria, whooping-cough, cerebro-spinal meningitis, pneumonia, scar- 
let fever, or typhoid fever. There was a history of one of these dis- 
raises in twenty of my patients. Meningitis and hydrocephalus are 
common causes. In a great many cases tlie occurrence of a convulsion 
is the cause assigned ; but whether the convulsion is the first symptom 
of the lesion, or whether in a convulsion some vascular rupture causes 
a lesion of the brain, is never a matter of certainty. Forty per cent, 
of my patients had an initial convulsion. 

There are also cases in which no cause can be found. An arrest of 
development of the brain may occur at any time during the first twenty 
years of life, and then produce symptoms. 

Pathology. — Reco^s of the pathological condition found in all tlie 
three groups of cases described have been compiled, collections of cases 
with autopsies having been made by numerons writers. 

The lesions found are various in kiml, in origin, and in situation, 
but a careful study elicits two conclusions : First the difference in the 
clinical tyjX's is due to the varying situation of the lesion rather than 
to its varying nature ; secondly, that the various pnxiesses of disease 
have, as a fairly uniform result, a condition of atrophy with sclerosis 
of the brain, which we may term sclerotic atrophy. 
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In the first clinical type the sclerotic atrophy involves the motor 
area of the brain — i. e., the central convolutions bordering tlie fissure 
of llolando and tlie cortex of their immediate vicinity, and involves 
also the motor tract arising from this part of the cortex, and uswilly 
the basal ganglia as well. (See Fig. 218.) Sometimes the lesion is 
confined to the basal giinglia. In the second ty^)e the sclerotic atrophy 
involves the anterior portion of the brain, and sometimes the entire 


Fio. 218. 



Sclerotic atrophy of the cortex supplied by the middle ccrcliral artery in a ease of diplegia, 
Idiocy, and epilei^y. Both hciuisphcms were affected. (Peterson.) 


hemisphere to a greater or less extent. (See Fig. 21 9.) In the third 
type the stderotic atrophy involves the |K)sterior and lateral psirts of 
the hemispheres. 

It is not surprising that the variation in the situation should pro- 
duce varying symptoms in view of the fiicts of the locali/ittion of brain- 
functions alrea<ly state<i. That tlicro should be a limitation of the 
sclerotic atrophy to certain lobes or regions — to the frontal, or central, 
or occipital, or pariet<3-tem{K>ral regions — in various cases, has led to 
the conclusion that the origin of the disease lay in some int(?rfereuce 
with the blood supply of the part affected, sinet: it has often been evi- 
dent that the atrophy was limite<l to the region nourished by blood 
reaching it thr«)Ugh one arterial trunk. And this theory has been 
rightly supposed to explain the pathogenesis of these cjises. Whether 
thrombosis or hemorrh:^ has occurred is not always easy to determine. 

It has been stated that the various processes of disi^ase have, as a 
uniform result, a condition of sclerotic atrophy. This fact is borne out 
by the following riaumS of pathological findings in .343 cases which 
have been gathered from the records of Kundrat, Audry, Wallenljerg, 
Osier, Wilmarth, F6r5, Henoch, Hirt, Fowler, Schnitze, Siichs, Itich- 
ardi^re, Bourneville, Fisher, and frt)m recent American and foreign 
journals. The conditions found were as follows : 

33 


514 


TJITl CEREBRAL ATROPRIES OP CHILDHOOD. 


Porencephalus, a localized atrophy or agenesis, leaving a cavity in 
the cerebral hemisphere, which may be deep enough to open into the 
ventricle, 132 eases. Figs. 220 and 221 show this condition. 


Fig. 219 . 



Congenital loaldeTelopnicnt of tho right hemiaphere of the brain, with sclerotic atrophy. (Bailey.) 


Sclerotic atrophy, an atrophic condition of the brain with an increase 
of connective ti.ssne and disappearance of the nervous elements ; alfeiit- 
ing Iwth hemispheres, or one only, or a part of one only, or limited to 
small areas in various parts, 97 cases. This is the terminal result of 
encephalitis (f/. v.) and often results from maldevelopment from unknown 
causes acting on the foetus. 

Maldevelopment and apparent atrophic condition of the minute 
structures of the hemisphere, chiefly cortical, the cells resembling those 
of a newborn child, but with no apparent gross defects in the brain, 
32 cases. 

Atrophy, conseiiuent upon the condition of softening produced by 
embolism or thrombosis, and limited in extent to certain arterial dis- 
tricts of the brain, 23 cases. Fig. 218 shows this condition. 

Meningo-encephalitis, a condition shown by thickening and adhesion 
between the pia and the brain, with destruction of the cerebral cells 
and atrophy of the cortex, 21 cases. 

Cysts lying on the brain and producing atrophy by pressure, or 
associated with atrophy due to the original lesion of which the cyst 
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remains as a trace, 14 cases. Figs. 223 and 224 show this condi- 
tion. 

Hemorrhage on or in the brain, as shown by the remains of a clot, 
or by hsematin staining of a cyst, of the pia, or of the sclerotic tissue, 
18 cases. 

Fig. 220. 



Frontal section through a porencephalic brain. The left hemisphere Is normal. The right henii* 
sphere Is atrophied in tolo, and has a cavity In the motor region which extends downward into the 
ventricle. The basal ganglia are atrophied. This condition is always congenital. (.Shattenberg.) 


Hydrocephalus with extreme dilatation of the ventrieles, so that the 
brain tissue is redueed to a mere wull about the cavity, five cases. 
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Siiporlor fnirfacR of a hratn of a congenital fmlicclle who had hcmlplc^a and epilepsy. Tho entire 
right heiniapherc ia atrophied. C ia the arachnoid, which waa thickened and formed the wall of a cjratic 
cavity in the hemisphere. (Ferraro.) 
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ccphalufi. It is a rare condition, secondary to meningitis or to mal- 
devclopmont of the brain, and not infreciuently the fluid is poured out 
to fill the space left between an atrophic brain and the cranium. The 
common form of hydrocephalus is hUertud hydroeepluduH, that is a dis- 
tention of the ventricles of the bniin by an exudation of scrum into 
them. 

Internal hydrocephalus may be a(!Ute or chronic. The acute form 
is always due to meningitis, either simple or tuberculous (see Chapter 
XL.). The chronic form may be secondary to a mild meningitis or 
epcndymitis, the original <liscasc resulting in an adhesion within the 
ventricles, which closes one of the foramina and prevents the free 


Fio. 224. 



Superior surface of the brain of a coiigeiitlal imbecile. The arachnoid being removed, the porcn- 
cephalic cavity Is displayed. The cortex is wholly defective over the upper fnmtal and parietal lobes, 
and the cavity In the hemisphere opens iuto the lateral ventricle at D, in which the choroid plexus E 
Is seen. (Ferraro.) 


flow of scrum from the lateral ventricles outward through the aqueduct 
of Sylvius and the fourth ventricle and the foramen of Magendie into 
the space about tlie brain. It may also l)e secondary to any disease 
in or outside of the brain which compresses the base and obstructs the 
free exit of serum from the ventricles. Thus tumors of the brain 
usuidly cause hydrocephalus. It may also be secomlary to syphilitic 
disease in the brain or meninges, and nuiny congenitsd eases arc due 
to inherited syphilis, with closure of the aqueduct or foramina. Chronic 
iuterual hydrocephalus is in many cases a cougeuititl condition, and is 
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very frequently as 80 (!iatod with rickets. It is considered a primary 
condition in cases wlicre no csiuse can be a8e«rtaine<l, and it is in these 
cases that the most extreme distention of the brain is observed. The 
fluid appears to be secretetl by tlie e|>en(lyma of the lateral ventricles, 
and may vary in amount from a few ounces up to five or six pints. It 
is identical with the cerebrospinal flui<l. It gradually distends the 
ventricles, dilates the passages Ixjtween them, and compresses tlie brain. 
The brain becomes anoimic and atrophies, so that finally a mere, thin 
capsule of brain tissue is left about the ventricles. The gradual com- 
pression Sind atrophy of the brain interfere with the function of the 
tracts jiassing through it, and hence gives rise to spastic diplegia, to 
sensory defects, to mental deterioration, and imbecility. The disten- 
tion of the brain miscs a distention of the skull, giving rise to the 
characteristic hydrocephalic skull, in which the sutures are separated, 
the frontal and parietal bosses bulge outwanl, and the head is of enor- 
mous size. The softening of the bones may be the earliest sign of a 
beginning hydrocephalus. Holt states that the average head at birth 
measures 14 inches in circumference, and at one year measures 18 to 
19 inches. A rapid enlargement beyond these limits during infancy 
is suggestive of hydriwephalus. The enlargement may progress slowly 
for several years, or may cease at any time, spontaneous arrest of the 
condition Ix'ing observed in about six ])er cent, of the patients. Ninety- 
four per cent, of these patients die before the age of seven years. 
Attempts to drain the ventricles do not result in an arrest of the secre- 
tion, ami hence arc almost uniformly unsiuicessl’nl.' 

Unilateral hydrocephalus was found in one case in tlie pathological 
records. 

It is evident that the common condition in all these cases was an 
atrophy of the brain. 


Table XII. Measurements of the Skuli* (Peterson.) 


Circumference . 

Volume (rough approximation) 
Nasoiiccipital arc . 
Na.sobregmatic arc 
Bregraato-Iambdoid arc 
Binauricular arc 
Antcro-|K)sterior diameter . 
Greatest transverse diameter 
Ix!ngtli-I>rcadth index 
Binauricular diameter 
Facial length . 


Average of normal 

LImita of Phyaiologlcal 

male aknil. 

variation. 

52.0 cm. 

48.5 to 

57.4 cm. 

. 1.500.0 » 

1201.0 “ 

1751.0 “ 

. 32.0 “ 

28.0 “ 

.38.0 “ 

. 12.5 « 

10.9 “ 

14.9 “ 

. 12.5 “ 

9.1 “ 

14.4 “ 

. 32.0 “ 

28.4 “ 

35.0 “ 

. 17:7 « 

16.5 “ 

19.0 “ 

, 14.6 » 

13.0 “ 

16.5 » 

. 82.2 “ 

76.1 “ 

87.0 “ 

. 12.4 “ 

10.9 “ 

13.9 “ 

. 12.37 “ 

10.5 “ 

14.4 “ 


The maldevelopment of the brain is usually aceompauied by a state 
of microcmihalus, all the measurements of the skull being reduced as 
compared with a normal head. In many such children great asym- 
metry of the skull is found. In other cases the head is unusually 
lai^e. A large head may contain a microcephalic brain, the space 
almut it being filled with fluid. The asymmetry liccomes more notice- 

* See Brain Surgery, Cliapter VII. 
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able as the child grows up. The table ou page 518 slu)ws the measure- 
ments of the average nori^ skull and the limits of physiological varia- 
tion in an adult. In cases of cerebral atrophy these limits are passed. 

1. Symptoms of Cerebral Spastic Paralysis.— -The first group 
of cases present symptoms of paralysis. This may l)e unilateral or 
bilateral. 

Hemiplegia. — In the cases which develop a unilateral paralysis the 
characteristic features of hemiplegia as seen in adults are evident. This 
may date from birth or it may develop later. If it develops in infancy 
it usually begins with a series of convulsions, whicli are often general, 
but may be unilateral, aud are attended by high fever, 102° to 105° 
F.,' and nausea, vomiting, and headache, with delirium. Tlie onset is 
followed by a period of unconsciousness of varying duration, from an lumr 
to two or three days, the average being twelve hours. The child may 
die in such an attack. But there is usually a graduiil improvement in 
the paralysis after the active nmnifestations of the onset have subsided ; 
and, finally, a stationary condition remains, in whicli the face is but 
slightly affected in its voluntary or automatic movements ; the speech 
is ao(|uired very slowly, or is slowly regained, if it had been lost ; the 
arm is quite seriously paralyzed, the fingers being stiff and awkward, 
and sometimes being in constant slow involuntary motion wliich is 
called athetosis ; the leg is weak, and the knee and ankle arc held 
rigid, so that the child limps in walking, and sometimes has a club- 
foot. A slow improvcmisut is the rule. As time gcxis on the child 
learns to help himself in many ways, and it is possible for the gnidual 
growth of the limbs to be attended by increasing power. In all cases 
the paralyzed limbs are found to be affected in their growth and de- 
velopment, so that they are smaller, colder, stiffer, and weaker than 
the others ; they are often blue and cyanotic. The reflexes are exag- 
gerated on the paralyzed side. The electrical r<‘a(!tions arc not quali- 
tatively changed. The sensation is normal. This condition remains 
through life as a permanent defect, .and although the division of wn- 
tractiired musclcsor tendons, and the application of ingenious appsiratus, 
may correct deformities and make the paralyzed parts fairly useful, and 
although the application of electricity to the muscles chiefly affected 
may increase their nutrition, and thus prevent contractures which come 
from the unbalanced strain between the various muscles, yet a perfect 
recovery does not occur. The degree of spontaneous nscovery possible 
iu any case cannot be determined for several years. But in many cases 
while some trace of tlie hemiplegia remains there is so much improve- 
ment that the patient is capable of earning his living. T have several 
such patients who, though unable to use the hand freely, and always 
obliged to limp in walking, are able to occupy places as clerks or mes- 
sengers, or have been able to go through college, and even to study a 
profession. It is only’in the cases in which weak-mindedness and epi- 
lepsy occur, that the condition is a hopeless one. But even when the 
final state is not one of helplessness these patients are extremely 
liable to other nervous diseases. Thus several such persons under my 
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observation have snffereil from chronic neurasthenia and hysteria. One 
of tliem develo{KHl attacks of mania of short duration, but fi-equent 
recurrence, not unlike the psychical epileptic c(iuivaleut, and, though 
an ediuuited lawyer, has recpiired asylum care for several years past. 

Fio. 225. Fig. 226. 



Spastic hemiplegia firom 
sarcoma of the braio, the symptoms 
Hemiplegia with contractures. The patient had suf* dating from five years of age. (Der- 

fered since the age of two years. (Curschmann.) • cum.) 

Spastic Bigidity; Athetosis. — ^The especial characteristics of this 
form of hemiplegia are the spastic rigidity of the affected limbs with 
marked contracture, and the athetosis. The contractures lead to vari- 
ous deformities about the ankle and wrist, especially to club-foot. Fig. 
225 shows these conditions. Athetosis may occur when the hand or 
foot are quiet. When the child attempts to move the hand or leg un- 
expectedly involuntary slow motions occur which prevent the intended 
result, or the limb is thrown into a sudden state of rigid immobility. 
Athetoid movements onlhe paralyzed side are set up by any voluntary 
act oh the well side. These athetoid motions begin soon after the onset 
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as a rule. In one case of birth palsy they did not appear until the 
fourth year and increased until tlie seventh year, remaining when I saw 
tlie child at the age of twelve years. If the athetoid movements affect 
the face and tongue, grimaces are constant and speech is interfered 
with. Athetosis has been present in 30 jMjr cent, of my cases. (See 
Fig. 68.) 

in some cases the athetosis is the most marked symptom. Thus in 
the case of a boy, aged eleven years, who had been Ixirn asphyxiahnl 
after a face pi-esentation, and was revived with difficulty, a iieculiar 
type of athetosis had been present since the age of ten months. The 
motion was limited to tlie left side and was present in tlie face, in the 
hand, and in tlie foot. It was not constant in this case, nor was it 
starteil by any effort. But it eume in attacks, twelve or more in a day, 
each lasting several minutes. The motion was a quick, involuntary 
athetoid movement, which he could not control. It was not attended 
by a loss of consciousness, or by a sense of alarm, or by any numbness. 
He had no paralysis whatever, no nystagmus, no disturbance of vision, 
no headaches, and was bright and atitive mentally. The attacks were 
first noted during sleep, but as he grew older became more fre«]uent in 
the daytime, and no treatment had any effect upon them. 

In another case, also dating from birtli, the athetosis afftHtted the 
entire body, so that any effort was attended by contortions of the face 
and by peculiar crowing sounds which interfered with talking and eat- 
ing ; by constant violent movements of the arms and legs, so that no 
voluntary act could be performed, and walking was impossible. The 
lioy, at the age often years, was perfectly intelligent and not paralyzed, 
but was in a constant state of active motion without any volitional 
power. It was imp)ssible for him to sit upright in a chair or to stand, 
lie could only lie in betl supportetl by pillows, and was even fed with 
difficulty. The athetosis ceased during sleep. I have nxumtly seen a 
second similar case equally distressing in a young man, aged eighteen 
years, whose entire life ha<l been sjaint in betl. 

Choreic movements more smlden, rapid and violent than athetosis 
may appear in the panilyzed limbs and remain as a permanent symp- 
tom. Such a condition was noticed in twenty-one of my two hundred 
and seventy -four cases. 

In one of my cases there was a total paralysis of the tongue with 
right hemiplegia, and the child at tlm age of twelve years was still 
unable to articulate. Food was pushed back into the throat by the 
finger, and then swallowed. This child had learned to read, but was 
weak mentally and epileptic. 

Aphasia is a common accompaniment of right hemiplegia. In my 
274 patients, 130 had right hemiplegia, and in 100 of these aphasia 
was present. It is usually of the motor type. The children under- 
stand what is said to them, cau acquire a knowledge of the names of 
objects, and may learn to read, but cannot be taught to talk, or if they 
acquire language, do so very slowly and imperfectly. I have known 
children of the age of twelve years to talk like a child of three years. 
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Tliere is, however, as a rule, gradual recovery of speech, and it seems 
likely that in these cases the right hemisphere takes the place of the 
left in developing this function. This is often aided by training the 
child to write with the left hand. 

Diplegia — Little’s Disease. — In many cases dating from birth a con- 
dition of bilateral paralysis of arms and legs, or of the legs alone, is 
found as .soon as the child is born. This is termed diplegia. It becomes 
more apparent after the first few weeks when attempts at voluntary 
motion are made. It is attended by a rigidity of the muscles which 
is noticed in the legs, and there is an increase of the reflexes. The 
infiuit may have difficulty in sucking and may have to be fed with a 
.spoon. 

Diplegia may however develop slowly, and not become apparent for 
some mouths. In some cases, especially after the infectious diseases, 
it may not apjasiir till the age of three years. In these cases as the 


Fio. 227. 


Fia. 228. 



Marki^d spastic paraplegia ; walking or stand- 
ing ulnuc iiiiposslble, (Ucrcuui.) 


Spastic paraplegia ; crosscd-lcggcd 
progression. (Oercuni.) 


liaby grows its body is found to be stiff, especially in its back and legs, 
the latter tending to be adducted and extended. This is noticed in 
udjustihg the diajiers. Later when attempts at walking are made the 
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adduction and inward rotation of the thighs may cause an overlapping 
of the knees and feet, there may develop a pointing of the toes which 
gradually becomes a fixed equino-varus, so tliat the heels can not be 
put on the ground, and the inability of the child to balance l)ecomes 
more noticeable. Any attempt at standing increases the stiffness of 
the back and legs, ^metimes the back is so rigid tliat the child can- 
not sit up on a chair, but has to be kept in a lying position. As the 
child grows the condition becomes more noticeable, and sometimes the 
child is bedridden and never learns to walk. In other cases the child 
acquires a spastic gait and helps itself by its hands, as they are often 
not affected, and so is able to get about. Others improve slowly but 
steadily, and finally walk without a cauc, but stiffly. 

In the severe cases the arms are rigidly adducted aud flexed, and 
the hands are contractured and useless. (See Pig. 227.) In such a 
eouditiou athetoid movements are universiil. The tendon reflexes are 
always exaggerated, the muscles of the limbs are poorly developcsl, but 
there are no bed-sores, au<l there is no loss of exintrol of the sphincters. 
There are no sensory symptoms. These children frequently have 
mental «lefects, aud epilepsy is likely to develop. 

Strabismus is a not uncommon symptom, and difficulty of articula- 
tion, or of swallowing may be present. Oppenheim has called attention 
to the timidity of these children and to the fact that sudden noises ciiusc 
them to jump or even throw tlusm into convulsions. 

In a few of my cases the symptoms have been exclusively cerebellar 
in type. The child has been unable to sit up, to balancse itself on its 
feet, or to lesirn to walk. In one such case dating from birth, the child 
was still absolutely helpless at the age of nine years, although intelli- 
gent and not paralyze<l. In another the sjime comlitiou Wiis present 
at the age of five years, but wsis attended by feeble-mindedness. This 
child died of measles, and Pig. 77 shows the unilateral atrophy of the 
cerebellum found. 

In many of the cases difficulty in learning to talk hiis Imjcfi noticed, 
the child acquires words slowly, and scimetimes even at the age of six 
years is unable to frame a sentence or to spesik clearly. 

Epilepsy. — In the majority of cases both of hemiplegia and of 
dipl^ia epileptic attacks begin soon after the paralysis ; though some- 
times the interval is several months or even several years. Two-thirds 
of the cases eventually develop epilepsy. 

The fits in organic epilepsy are more frequent aud severe than in 
idiopathic epilepsy. I have one patient who has had as many as 
twenty convulsions daily for weeks at a time. These fits do not de- 
stroy life, but of course render life a burden. They arc different from 
the fits of idiopathic epilepsy in being of a character which indicates 
local irritation of the cerebral cortex. (See page 91.) They usually 
begin in one hand with closure of the fist, or pronation of the hand, 
attended by a sensation of tingling ; the contraction of the muscles is 
clonic and the spasm extends up to the elbow, and finally the shoulder- 
joint is thrown into motion, the entire arm moving in the convulsion. 
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The spasm then extends either to the neck and face, which is drawn to 
the paralyzed side, or it spreads down the trunk and involves the leg, 
which shakes or is violently extended with clonic spasms of the t«xjs. 
Such a spasm naiy last for a few minutes, and then gradmdly cease, 
leaving the muscles paralyzed and the side numb for several hours. Or 
it may extend to the other side of the body, in which case, as a rule, 
consciousucss is lost for some minutes, the patient falls, bites the 
tongue, froths at the mouth, and subsequent to the attack sleeps heavily 
for an hour or more, waking dazed, and often unable to talk or to think 
for some hours. In many cases the attiick begins in the leg and 
extends to arm and face. In other cases the reverse is the order of 


extension of the spasm ; the point of greatest irritation in the cor- 
tex being indicated by the part of the body first affected. In stjme 


cases head and eyes turn toward tlie paralyzed side at the Ixjginning 
of the fit. 


In other cases the epileptic attack begins with sensory rather than 
with motor symptoms, the initial numbness and tingling always accom- 
panies and may precede the local spasm. But sometimes it is a visual 
aura, a light, or color, or figure seen with which the att!i<;k begins. In 
otlier cases it is a sound, a noise, or a bell, or a voice which is heard. 
In other esises it is an odor or a taste which is perceivcnl. In all these 
conditions a local spasm or a general convulsion follows the aura, indi- 
cjiting that the irritation of the brain which has started in a sensory 
area, the chief seat of disease, has radiated outward and has invaded 
the motor centres. (Sec page 91.) Mental auTO arc also observed, 
consisting of a dreamy state, a sort of second consciousness, when the 
mind seems to watch its own processes without Iwing able to modify 
them. The mental aura may be a sudden fear, or fright, or distress, 
pleasant ideas being rarely present, though not unknown. Attacks of 
an active niiiniaciil kind or of double consciousness may occur without 
a convulsion ; these are tlie so-called “psychical epileptic equivalents” 
of an attack. 


All th(i8C forms of attack are of very great interest, as they indicate 
quite faithfully the area of brain in which the disease is located, and 
form the guide to the surgeon in cases which are open to operation. 

II. Symptoms of Mental Defects. — The second group of cases 
presents mental defects rather than physical symptoms. There may 
be an entire lack of mentel development from Ae outset. This is 
termed eongeniUil idiooy, and is due to congenital defects of the brain 
or to some arrest of growth soon after birth. There may be an acquired 
idiocy, from some disease occurring during infancy or childhoorl, such 
as injury of tlie brain from trauma, or after convulsions, or due to 
some of the infectious diseases. 


A maldevclopment of the thyroid gland leading to cretinism and 
mental weakness is not attended by brain lesion, and should not be 
classed with idiocy. 

Idiots are wholly lacking in the power of acquiring ideas or concepts, 
and cannot be trained to keep themselves clean. 
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If the degree of mental defect is less marked the mental state is 
described as one of imbecility. An imbecile can acejuire simple ideas, 
can recognize persons and objects, can say a few words, but is incii[)able 
of acquiring any of the higher conceptions which are the basis of knowl- 
edge and of conduct. Imbeciles are ususilly helpless if left alone, and 
are oiiten ugly in disposition, destructive and liltliy. The diiTcrence 
between an idiot and an imbecile is one of degree only, and no sharp 
line can lie drawn between them. 

There are other patients with mental defects, of a higher type of 
mind than imbeciles, but nevertheless abnormal. These are classed as 
weak-minded. The child may be slow in learning to walk ; may seem 
unable to fix its attention upon anything continuously; may lx; exceed- 
ingly active, in constant motion — the activity being, however, aimless; 
may throw things about, or tear things up, or put everything into its 
mouth ; may be very difficult to manage because of its inability to retain 
and combine impressions with sufficient jK)wer to reason upon them, 
and may therefore be incapable of appreciating the meaning of punish- 
ment, if this be inflicted. Such children may have gocxl jwwers of 
perception, may recognize persons and objects, show pleasure at bright 
colors, or music, or caresses, but fail to show evidence of thought in 
the sense of rciisoning power, judgment, or self-control. Some patients 
constantly drool at the mouth, cannot be taught cleanly habits, and are 
manifestly imbecile. Other patients are quite bright in many direc- 
tions, may even be precocious, show talents in music, or drawing, or 
fondness for mathematics, designing, and language's, yet anj apparently 
unable to appreciate moral ideiis, cannot be taught to tell the truth, are 
cruel and bid, will not control any of their impulses, and so are the dis- 
tress and despair of parents and Etchers. It is those mented qualities 
which are the product of the highest evolution that have failed to 
develop in this class of ettses. The final result is that they have to 
be taken care of all their lives, cither at home or by attendants, being 
incapable of supporting themselves or directing their conduct. Many 
of them have epilepsy. 

III. Sensory Defects. — The third group of cases show sensory 
defects, usually blindness or deafn^s, although a loss of taste and smell 
is occasionally observed. These symptoms are likely to escape «)bs<!r- 
vatiOn until the child reaches the age of two or three years. Patients 
belonging to this cliiss may present no motor or imnital defects, 
though they may be the subjiict of epilepsy. On several occsisions I 
have been consulted by parents who have broJight chihlren to me sup- 
jK)scdly the subjects of epilepsy in whom I have detected one or more 
of these sensory defects. Thus, in three cjises a <!ondition of homony- 
mous hemianopsia was discovered which was undoubtedly congenital, 
each child having grown up without any appreciation of the defect of 
vision. In all of these cases there was a corresponding flattening of 
the skull over the occipital lobe, and all the patients were suffering 
from epilepsy. Moeli * has described three such cases in which |)oren- 

’Archiv. furP^ych., xxti., 2. 
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oephalns was found in the occipital lobe, and Henschen ' and Freund * 
have also observed such cases. In several patients whom I have seen 
total blindness has been found. It is not always easy to determine 
whether this is due to a primary atrophy, or lack of development in 
the optic nerve, or whetlier it is due to atrophy of the ociapital convo- 
lutions. Both conditions have been found post-mortem in many cases. 
If the condition is due to atrophy of the optic nerve an ophthalmo- 
scopic! examination will revtjal this condition. 

There are otiicr cases in which the pitients are deaf. If a child has 
never heard, or lost its hearing before it has learned to talk, it becomes 
mute. Tlie majority of ccises of deaf-mutism are undoubtedly due to 
lesions in tlie ears or to lesions of the auditory nerves upon the base of 
the brain. Thei-e are a few cases, however, on record in wliieh an 
atrophy of the temporal convolutions has been attended by deafness. 

Lo.ss of smell and taste have l)ecn producred by atrophic conditions 
of tlie uiuiinutc! convolutions upon the base of the brain. These are 
usually traceable to basilar meningitis. They very often escape obser- 
vation, though in any case where the child is known to put all sorts of 
objects into the mouth and be willing to eat offensive things, a sus- 
picion of a loss of taste, is awakened. 

A localized atniphy in the convolutions of the brain may also occur 
from disuse*. Thus, in a number of cases recorded where patients have 
lost the sense of hearing and of sight in early life, as for example, from 
basilar meningitis, eerebro-spinal meningitis, or lesions of the ear, or 
eye, the function of the (iorresjKiiiding portion of the brain has not been 
awakenwl, and as a result of absolute disuse an atrophy of these con- 
volutions has been difjt!overed when the patients have died late in life. 
This was the condition found in the brain of Laura Bridgman, the 
temporal and occipital convolutions being rudimentary in size, while 
the sensorimotor convolutions about the fissure of Rolando were enor- 
mously developed. This girl lost sight and hearing at the age of two 
years from a basilar meningitis, but developed remarkable powers of 
observation through the sense of touch ; and of expression through 
motor action. In two other cases reported by foreign observers the 
ssime condition has been found. Hence the localized atrophy due to 
failure of <Ievelopment in limited aretis of the brain after disuse of the 
corresponding organs is praveu in man as well as established by the 
ex|K!riuicnts of von Gndden. 

Epilepsy is a common condition in these cases of sensory defect. 
The attack not infrequently begins by an aura of a sensory nature. It 
may be limited to an attac>k of petit mol, or it may go on to an attack 
of grand md. If the atrophy of the brain is unilateral the epileptic 
attack may be of a Jacksonian nature. 

Prognosis. — The prognosis in cerebral atrophy is most unfavorable. 
The underlying pathological condition is permanent, even though it is 
not progressive, and there is no hope of improvement or of recovery. 

* ITenachen, Path, des GhihimB, cases 32 and 36. 

•Freund, Wien. med. Woch., 1888, Na 32. 
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The paralysis, the mental defects, and the sensory defects cannot pos- 
sibly be relieved. The epilepsy may be held in check to some extent 
by the use of bromides, the number of fits being reduced, their severity 
somewhat mitigated. But they cannot be stopped. 

Treatment. — The treatment of an acute attack of apoplexy in 
childhood does not differ in any way from that occurring in tlie adult. 
The same care must be taken in diagnosis, and tlie same measures 
adopted as in the conditions of hemorrhage or tlirombosis already 
considered. 

Tlie treatment of the condition of infantile paralysis and of idiocy 
consists in rendering the life of these patients as happy and comfort- 
able by proper surroundings and agreeable attendants as possible. This 
can best be done by securing for them a country home away from ex- 
citement and away from the family. Parents too often expend more 
care, attention, and money ujion thcise chronic invalids than upon thi*ir 
healthy children who suffer in consocjueucse. It shoidd be made cdcsir to 
them that in doing so they accomplish little and are unjust to those who 
will belter repay their cani. Educ'ation by those who arc; skillcnl in the 
training of the weak-minded acH'omplishcs somcithing, and is to lie rcicom- 
mendecl if parents can afford the expense. The treatment of the epi- 
leptic condition is the same as that of ordinary epilepsy by the use of 
bromides ; but in these cases the effect of the drug soon Avears off, and 
I prefer not to use any medical treatment. 

Surgical Treatment. — When a patient belonging to one of tliese 
clinical types is prcscntcid to the neurologist and the question is a.sked, 
can surgical treatment benefit him? it is evident that a serious problem 
is ojxmcd. In these cases the disease is at a standstill and does not 
threaten life, and yet is hopcdcjss from the medical standjmint. Surgi- 
(!id treatment is not free from danger, but if it offers any relief almost 
any risk is justifiable. The brain is still capable of great develop- 
ment in infancy and youth. Can such development be aidetl by an 
operation? In many cases the epileptic attacks are of such frequent 
occurrence tliat any risk might well be taken if tluy could be surely 
stopped. 

Any solution of the problem of operative treatment must be based 
upon two considerations: first, the pathology of the cases; se<!ondly, 
the results of experience when such operations have been done. 

First, from the records of the pathology alresidy given in 34.3 cases 
it is evident that a state of cerebral atrophy wsis present in the majority 
which nothing could remove, and it is apparent that many of the con- 
ditions were of such a nature as to be wholly unaffected by any opera- 
tive interference. A porencephalic cavity filled with cerebrospinal 
fluid is not likely to be benefited by any enlargement of the intra- 
cranial space or by the abstraction of the fluid. In several cjises 
operated upon the withdrawal of this fluid has been followed by sudden 
collapse and death.^ On the other hand, there are conditions, such as 

*CB!<e8 of Bullard, Boeton Medical and Surgical Journal, February 16, 1888. Ham- 
mond, New York Medical Journal, August 12, 1890. One of my own. 
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miildcvclopmcnt of the cortex withc*ut gross lesion, in whieh it is pos- 
sible that anything whicih may stimulate latent jjowers of growth, or 
may remove those influences which interfere with development, might 
result in impn>vement. It is to be rememlxjred that the brain is cap- 
able of gn)wtli and development until the age of fourteen years, if not 
long<!r, and, gr.inting tiiat a stimulus to its growth may be given dur- 
ing childhixMl, the arrest of development in numy cases might perhaps 
have Imjcu prtivented. And there are eas(!s of cysts lying upon the 
cort(!X whose removal may relieve pressure and allow a proper 
growth. 

The stialy of the pathological conditions, therefore, does not abso- 
lutely contniindiaite operative interference, although it makes it clear 
that the lesion in the majority of the cast's is otic thiit ciinnot lie 
improved by tiny means. If we admit tluit |K)renccphiilus, atrophy 
from Viiscular lesion, meningo-ence|)halitis, tind hydrocephalus are 
incundile, and tluit hemorrhages ciinnot be diagnosisl etirly cnougb to 
warniut the removal of the clot befoi’c it has caused atrophy from pres- 
sun;, we have 11)8 casta out of 84.8 in which operation would luivc 
Ihkui futile. This leaves 1 50 ctises of stderotic atrophy, nudtlcveloj)- 
iiu'iit of the cortex, and cysts, in whitli it is btirt'ly possible thtit an 
o|H!nition, if it rtdieved jintasiire or stimuliitetl brain gmwth might have 
had stime effect. It is unfortuiuite tluit we tannot niiikc tin exact juitho- 
logical diiignosis from the clinical symptoms. Thert'fort', one rannot 
aflirm that in any jiarticiilar case a removable cyst is present or acon- 
tiition of prt^ssiire whitdi may be relieved. The oiwrition must in all 
eases, therefore, lie explorattiry, and this should always be understootl 
by all couceruetl. 

There is on«^ further fact which rtupiires a woivl of explanation. In 
many of these ciusivs ins])ecti()ii shows a very dwaded irregularity of the 
skull. It has been thought by some observers, especially Ijaunelougue, 
in France', that an early closure of the sutures and foutanelles in 
infancy may prevent a proper expansion of the skull, and thus pro- 
duce a pn'ssure on the br.iin, preventing its growth. These autliors 
H'ganl the atrophy as secondary to compression. This view I consider 
eri'oui'ous. The skull dex's not unite lus long as there is any pri'ssure 
within it. It is the cerebral defect due to disi'iuse which prevents the 
brain from developing ami arrests its normal growth and internal 
pn'ssui*e. The liones close because the natural expansion has eea.seil. 
The skull dix's not cause pri'ssure on the brain. This is evident in 
east's operated u|>on, fiir no signs of compri'ssion of the brain have 
been ftiund in the.se east's. The thtniry, therefore, uixm which ojiera- 
tions of cranieettuny have Ix’di done is not borne tmt by the facts. 

StH'tmtlly. 'file results of exiHirienee of surgetins in the treatment of 
the.se cases by tiix'ratiou has luit been very favorable. 

The o|x>ration of craniectomy has Ixh*u dtiiic by many surgeons 
during the [Mist few years, and the results have Ixx'n reportcti by several 
tif them, ntitably by Lannelongiie, Keen, Bullard, Opjxinheim, Frank, 
Haminonil, Iltirsley, Agttew, and McBurney. Many other operators 
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have reported single caws, and iny own exjK*rieiuH} in eonnet^tion with 
McBurney is extensive.' 

Lunnelongiie reportwl, in 1891, that he had ojH'nihHl on 26 patients, 
chiefly mi(‘ro<;eplinii(; or epileptic cliildren, with hot one liital ri'sult, and 
that there was an improvement in many cases. Jsmnelon^rne’s o|H‘mtion 
is to make a lon^, cui'vihI incision throiifrh the scalp and skull I'mm the 
tcm|H)nd rid}^! backward for six to ten imdies, and cnu'k the side of the 
.skull outward, leaving an interspawof an inch or mor«> in width which 
fills up with fibnnis connwtive tissue. Thus he relieves the siipiHtstsl 
compn'ssion of the brain. It is unfortunate that thest* eases wen> r(>> 
]M>rt(Kl soon after the o|H‘ration, so that, althoU};h the surgical result was 
not fatal, we know nothing; of the effects of the openition on tli(>ir bniin 
dev«‘lopment. In a re(mt article by one of Isinnelon^ue’s assistants 
the intimation is (riven that little Wiis aceomplisInHl. 

In my own c<dle<*tion of cases, 60 in nnmlxT, inchulinj; ]6 in my 
own exjK‘ri(Mi«*e, the n'sult cannot Ik* sjud to be very cncouni^rin^r. Of 
60 ease's 1(> ditnl diirinjr or soon afler the o|M'ration. l)ealh was due 
in 1 1 cases to shock fn>m siiddi'ii evacuation of fluid fiHim a larj^* 
cavity in the brain. Thus, in one <‘asi‘ op<>rat(>d upon for me by Mc- 
Iliirney, in which the child, a {jirl of eleven years, pres<‘nt4'<l oidy a 
slidbt decree of rijrht hemiplcfria, with si'Vcre atta<'ks of hcmn-pilcpsy 
and no imliecility or ajfliasia, the entiri' Icfl frontal lobe was dcti<'icnt, 
its place beinjr tK'Cupied by a cyst. The exposure of this on opi-niiijr 
the duni was attemled by lacenition of its wall, as it was adherent to 
the diini, and the flow of senxis contents was followi'd by immediate 
colliipse and death. In It) cases re|H>rti‘«l by others a similar icsult 
<M*eurn‘d. In some cases death has been «hM' t<» cx<'«‘ssive hcmorrlia)^! 
fnau larf]^ brittle veins in the pia or in the walls of a |H>ri‘nccphaiic 
cavity. Here ]i(i:atur(! was im|a>ssible, and compression eipially so. 
In some Ciiscs death has la'cn due to exhaustion followiiifr the o|H‘ra- 
tion, which has necessiirily been lonjr. It is evident, therefore, that 
the.s(> o]>erations an* much more dan^reroiis than the ordinary oiK'nition 
fur trephininjr, Imkkiu.sc of the existenci' of pathologic-al conditions 
which cannot Ik: foreseen or providisl oj^iiinst. 

In the thirty-four patients who have survival the o|H'rittion a e»'rtain 
amount of ini])rr)vcment has la'i'ii re|M)rted in twenty-fiv(‘, and in nine 
no appsirent result was notiml. The improvement has eonsistisl in a 
relief of the psindysis, but not in its disiip|Mxinin<'*> ; a marked relief 
from the athetoid movements, but no c<>ssi)tioti ; an improvement in the 
(rait ; an impntvement in the mental ea|Kieity, ami a chaiifp; from imlK!- 
cility to a condition (jf wwik-mimhsh)ess, but no «s)mplete n'eov«'ry or 
normal development of the mind ; a diminiithm in the frecpieiiey and a 
miti(^tion in the severity of the epileptic attacks, but mi iibs<ilute cure. 

In several of my own csis<>.s nothin); abnormal has Imk-ii found in the 
bniin at the o]K*nition, and it has Ixien sup|Kis<s| that the lesion was of 
a mieniseopic chanioter. In two of these ea.ses tiuf subsispient history 

'For nn analysis of these operations sec the Mediciil Keoinl, Jiinimry ‘2:t, 1S1I2; 
Brain Surgery, C'haiSer III. 

34 
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has shown con8i<lemble improvement, which must have been wholly 
indejieiulent of the operation, and awakens the suspicion that such im- 
provement of a s|>ontancous kind may have been erroneously ascribed 
to tlie ojMjration by pirtial obstwvers. 

In three of my cases a thin orgiiiiized blood clot containing; One con- 
nective-tissue hlarnents adherent to the dura in one case and to the 
brain and cortex in two cases was discoverefl. It wjis possible to 
spon|;c and scrape away this clot in all these ca8(«, though some 
hemorrhage followed 1‘rom the rupture of the new capillaries in the 
organixcMl mass. These were all cases of several yenrs' duration, hence 
th(! clot wjis not recent in any. In ail these cases there was an 
apparent tnarkcsl improvement. In a numlxir of my cases cysts have 
Iweii found — sometimes lying on the cortex, in the pia, and causing a 
depression of the cortex ; in other (siscs within the brain, l)eing in part 
covered by tlie cortex ; in some cases deep in the white matter, Iwing 
<liscovere(I only by the exploratery needle. It hjis usually been pos- 
sible to remove these cysts, the walls being carefully iiissecUsI away 
without rupture. It was found that if they were merely evacuatesd 
the fluid soon returned, and a sticonil ojKjration was necessary. This 
<K!curred in two casas. When the cyst lay deep in tlie wliite matter 
and could only be discovered by puncture it has not Ihicii always |m>s- 
siblc to nsmove the wall, and in these ciuses they probably refllleil, as no 
improvement followed. The best result has lieen obtained iu the 
eases where a iryst eouhl be removwl as a whole. In one ease a lystie 
mass exactly like honeycomb ocimpied the entire lower two-thirds of 
the anterior central convolution, and could not be removed entirely. 

In some cases thick, firm, winnective-tissue stara, or jiorous bamls 
have been i'ound in tlie corte.x, in one e.ase as firm as cartilage, in 
another ease calcified in jiart. These wera probably the ri'sult of 
hemorrhages or of an area of soflbening. Their n:moval was attended 
by severe hemorrhage, in one case nuiking it neceasary to pisttsme 
twicti a completion <»f the operation. In neither of these cases were 
the mental symptoms and epileiisy for which the oiienitioti was uinler- 
taken at nil improved. 

This exjHjrienw! leads me to lie very (cautious about urging an operation 
in this class of cases. The dangers are many. The prospect of relief 
is very snudl. Cure cannot be promiseil. Improvement in a small pro- 
|Hirtion of the cases only is the best I’csult which can lie expecU-d. 

Harvey Cushing has recently' adviMateil an ojieration immediately after 
the apptsirant« of the symptoms, especially in the cases developing at birth. 
He has had several siuicessful rases, in which, within a few days of birth 
or of the ap|Kaimncc of hemiplegia, he has opened the skull by making 
incisions along the lines of the sutures in the parietid bone, has tunie<l 
down the parietal bone, ex[x>sed the brain, found a large surface clot 
and has removed it, I heartily approve this ojwration in a rase where 
the diagnosis of hemorrhage ran Ih; made in a positive way, but think 
it should be done only by a suigeon skilled in cerebral surgery. 

' American Jounial of the Medical Sciences, July, 1905. 
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EXCEPIIALITI.S. 

Acute Hemorrhagic Cortical Enwplmliti*. PoUo-vnccphaliti!i Su|icrior ami Inferior. 

Cerebellar Eiuviilmiilix. 

Stiologj.- — That an acute inflammation of* the hritin may mnair an 
an iiKlcpcnuIent affcHjtion li:i.s been (<stal)lishe<l Ity Striim|H'll, rn'iclifen- 
.stein, and 0|t|KMiheim. It is |)robuhIy an aeiite inf(><rtioiis dis«>as(>, as 
it has all the cliaraeteristic signs of* one. it has Ixvn known to oeenr 
in the eounm* of* stsarlet f’ever, measles, infliieiizii, pneumonia, ervsi|X‘las, 
whiH>ping-eough, mumps, diphtheria, nlwrative cnd<u-4irditis, otitis 
nuslia, and S(4iti(;a3mia. It is not nc<^!s.sarily uem>mpanied by pnndent 
meningitis, though it msty be. In most of* thes<> cxinditions flii" eliar- 
aeteristie orgiinism of’ the originid disease has btsm f’onnd in the f’lM'i of’ 
inflammation in tin; brain. Ptomaine {H>i.soning has iHsai aserilxsl as 
a cause, also ahstholism and poisoning by earlHui tiioxkle. It is still a 
matter of*<lisputt? whether an injury of* the head not atttaidisl by frae- 
tiir(> or meningitis cjtn si>t up an aeiiU; inflammation of the bniin. 
Bruises in soft tissues arc r.irely followeii by inflammation, but may 
pnslis{M)se an org:in t4> the invasion of baet4‘ria. 1 havi> seen abscess 
to oe<air under these conditions, and believe it to have ix'sultmi fmm 
such an .infhimmation. The disease; occurs chiefly in eliildreii and 
y«>ung |)eople, but may develop in atiults. 

Varieties. — The inflammatory pnxrss is usually limit<>d in its (extent 
in the brain, and is nut diffiisi;. It is sometimes only to lx* found by 
microscopic investigation. It is sometimes wholly within tlx- domain 
of one arterial branch. In other 4-:is<>s it has Ixs-n known to aflis-t 
symmetriciil parts of Ixrth hemisplu;res, and in a fi;w <;as<-s <h'ss4'minat<sl 
f*(K;i of inflammation have Ixxin found. The inflammation may lx* found 
in both gray and white matter, and is not limitisl to «‘itii«-r. It iiiiiy 
affect any |Mrt of the brain. A numlxjr «»f difl’erent forms have Ixs-ii 
dcscrilicil, deixmding U|K>n the locsition. 

Thus, Strum|)ell’s first «is<;8 were chiefly eorticid in tin; rmitor area, 
and w'ere called acute infantile ecrcdir.d jnilsy, <ir aeuf4! Inanorrhagie 
cortical encephalitis. Ixiter this condition was finind to fxicur in 
adults and even in old age as in a case of Mills.' 

In the cjises collcxited by Wernicke an«i named by him polioenwpha- 
litis superior the lesion was ](K»ite<l in the gray matter lining the 
aquc4luct of Sylvius. These erases arc not different fnim a<'Ute 
ophthaimo]>lcgia. 

•C. K. Mill!!. RcTiew of Neurology and Riychiatry, Fch., 1907, where full refer- 
eneca niay be found. 

Mi . 
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There is a form limited to the nuclei of the motor cranial nerves of 
the tongue ami face, termed polio-encephalitis inferior, or acute bul- 
bar paralysis, and csuising all the symptoms of chronic bulbar paralysis 
(Chapter XXXIV.), but with acute onset and rapid course.* Such 
cases have oc(!urre<l as a c<»mplication of acute anterior t>oliomyelitis, 
in several epidemics ; stic Chapter X I V. 

Lastly, a form limited to tlic cerebellum has also l)een described as 
a separate disease. 

Pathology. — The lesion in all these cas(!S is the same, and the dif- 
ference in the symptoms is deiwndcnt entirely upon the difFcrent func- 
tions of the psirts of the brain affected. Such a multipliciition of 
diseas(‘s is an unfortunate wesikness of authors who lack the generaliz- 
ing faculty. The disease luis its exact homologuc in acute anterior 
poliomyelitis, ami the changt's pnisent arc the same. The two diseases 
have iK-en known to occur together. The changes found in these cases 
in the acute stage arc (1) an acute hyperasmia with distention of the 
blfKxlvessels, rupture of their walls, capillary hemorrhages in the tis- 
sues, and an emigration of leucocytes and small cells. (2) Various 
stages and degrties of degeneration of the neurones, both (k; 11 body, 
axones, ami dendrites Iwing affected, with subsequent se(!ondary changes 
of wide extent. The exact microscopic changes are identical with those 
already described in the (shapter on anterior poliomyelitis, but are located 
iu the cortex or bulbar nuclei. 

After an acute stage the hypenemia subsides, the clots or diffusely 
infiltmt(!d red bliMwl cells may be absorbed, and if the degeneration of 
neurones has not led to the destruction of a large number controlling 
aiiysjK'cial function a gradual recsovery ensues and notracic is left. In 
this resptict the disease rt'sembles anterior poliomyelitis, where recovery 
in many of the mnstiles at firat paralyzed is die rule. But if a numlier 
of neurones in any system are destroyed there are permanent symptoms 
remaining whose character depends on the function of the neurones 
affected. Thus, if the fronhd 1oIk!S are affected, imbecility results. If 
the motor cortex is destroyed a state of hemiplegia remains. In a case 
examined by llochhaus, in which cerebnd hemiplegia developeil in tlie 
course of measles in an infant, a cortical encephalitis with some local- 
ized meningitis was found. If the ocular motor nuclei are affected 
strabismus and paralysis of ocular movement results. If the facial and 
lingual nuclei arc jxiralyzetl some defect in speech, swallowing, and 
facial expression wmiains. If the cerebellum is affected a jicrmanent 
defect of coih’dinatiou and of gait ensues. If the cord is afteeted with 
the brain, some type of poliomyelitis attends the encephalitis. 

The jK'i’manent result of the pathological process is the formation of 
small or large areas of sclerotic tissue or of small (systs. The glia cells 
are multiplied, connective-tissue elements are increased, and a small 
piftch of sclerosis or a state of sclerotic atrophy of an entire lobe of the 
licmisphciv, or any degree betw(*en these extremes, may be left as a 

*For a review of these rare cases see Judson and Carncross, Amer. Jour. Med. Sci., 
Dec., 1908. 
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permanent condition. Thus, disseminated encephalitis of infectious 
origin is the starting point of many cases of so-cjilled multiple stderosis. 
It is not {M)ssible that, as time goes on or as other infections occur these 
sclerotic jaitches may extend, but, as a rule, they arc latent. These 
pathologicid changes in the brain when on the surface are often at- 
tended by the lesions of meningitis in the pia and duni. Heiuse, in 
the terminal stage an adhesion of the membranes to the cortex is fre- 
quently found. In a few fatal cases of recent origin thrombosis of the 
venous sinuses has been observed The occurrence of leucocytosis 
during life will distinguish this chiss of cases from those due to vascu- 
lar lesions only. 

Symptoms. — The symptoms of encephalitis may l)e dividtil into 
two classes : first the general symptoms of the infectious disesise, and 
secondly the local symptoms of tlie particular region of the bmin 
affcctetl. 

The general symptoms develop acutely. After a day or two of in- 
definite feelings of malaise, attendtxl by vertigo and hciidache, and in 
chihlren by extreme frctfulness, there is a sudden chill, uttende<l some- 
timers by vomiting and by a convulsion, followetl by a state of stupor 
or coma. The temperature rises rapidly to 102° or 104° F., the pulse 
is rapid but regular, the respiration normal, rarely of the Cheync- 
Stokes ty[Kr. In the state of stu{K)r there is restle.ssties8 and delirium. 
This stupor may deepen into a coma which may never be recoverctl 
from. If the patient docs not die in the coma he gradually reeroverrs 
consciousness, but delirium and even aerute mauiaciil excitement are 
not uncommon for a week or more, and have been known to continue 
with fever for twenty tlays. The recovery of consciousness is slow, 
and the mind is not clear for some days. The fever subsides by nuuis- 
sions in the morning and its attencLint symptoms of general constitu- 
tional disturbance gradually pass away. Leucocytosis is observcsl 
throughout. A day or two after the onset some local symptoms bec-ome 
evident, and then the diagnosis of hemiplegia, or of ophthalmoplegia, 
or of bulbar palsy, may be made. 

The local symptoms in the first type of case are aphasia, or hemi- 
plegia, or monoplegia, and these are not infrequently combine*! at the 
outret. The aphasia, as a rule, passes away, b*it some ilegree of hemi- 
plegia or monoplegia remains. Thus, in one of my patients, while 
total aphasia and right hemiplegia occurred at the onset, a |>iiralysis 
with athetosis of the right arm was the only permanent symptom. In 
another ease which developed suddenly during convalescence fn)m 
cerebro-spinal meningitis, a left hemiplegia with mcntid weakness 
remains. 

In another type of case the local symptoms may l)e sensory rather 
than motor, some form of word-blindn*!8S or word-sleafness being a per- 
manent result, or hemianopsia, as in a case of Furbringer. It is prob- 
able that this is the origin of doif-mutism in some castes. 

In other cases a state of imbecility develops, and the child naturally 
born, and bright I)efore the attack, grows up deficient in intelligence 
and in the higher powers of the mind. 
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In some rare cnsits, as in one of ray own, the local symptoms point 
to the cerebellum as the site of tJic inflammation. A child of three 
years, able to walk and feed itself, was left after 8U(;h an acute attack, 
which came on after measles, with a great degree of ataxia in the hands 
and an inability to balance itself on its feet, to stand or to walk or to 
sit up without the aid of its hands. In one such case of Bethe cere- 
btdlar lesions were found. 

In all these tyi)ea of cascis epilepsy of the cortical variety is a com- 
mon sequel, and may be the only permanent symptom remaining. In 
Mills’ case Jacksonian epilepsy was the chief symptom. It is my 
belief that many (sases of so-called idiopathic epilepsy, especially those 
that are characterizes! by a uniform sensory or motor aura, originate in 
acute encephalitis during infancy or childhood. 

lu another type of cases (polio-emcephalitis superior of ‘VVemicke) 
the local symptoms am confined to the eye muscles ; there is ptosis of 
one or both eyes ; the eyeballs eaiunot be moveel volunterily t()gether ; 
there is some form of strabismus; there is nystagmus, and in a few 
cases optic neuritis has been observed. There is always intense 
vertigo with this condition, and heucc a stsiggering gait is sometimes 
noticed. I have seen but one such case. The patient was a physi- 
cian, and recovered entirely withiu a year. Weakness, tremor, and 
ataxia of the limbs, facial paralysis, diillculty in speecli and in swal- 
lowing have occurred in the severer cases. In adults, especially in 
patients who are alcoholics, this type; is more <!ommon than the hemi- 
plegic ty|)e. It may develop with lew constitutional symptoms and 
even without fever. In this respect it resembles acute anterior polio- 
myelitis in adults. 

In still another group of cases the local symptoms are those of an 
acute bulbar pidsy. Speech, swallowing, and respiration are affected, 
the various characteristic signs of glosso-labio-laryngeal paralysis 
appear simultaneously, and in these cases a fatal result is more com- 
mon than recovery. These have been termed polio-encephalitis 
inferior. But the lesion is not always limited to the gray matter of 
the pons and medulla, and when it extends to the tracts passing 
through them the symptoms may be widespread. Thus various forms 
of alternating hemiplegia and hemiansesthesia or general paralysis may 
be the result 

The combination of cerebral with spinal symptoms has already been 
mentioned. 

The course of the case in all these various types is usually one of 
gradual improvement, and a final recovery witli a few local symptoms 
remain. Such are monoplegia, sensory defects in the visual field, 
paralysis of one or two ocular muscles, or epilepsy. In some cases 
all the local symptoms disappear, and then it is evident that few 
neurones were actually destroyed by the inflammation. In other cases 
a most irregular combination of symptoms such as nystagmus, defective 
articulation, tremor, and some form of paralysis, remains, and the 
termiual state is identical with that of multiple sclerosis. 
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Prognosis. — ^The prognosis during the acute onset must l)e guarded, 
as death sometimes occurs. It will depend upon the severity of the 
symptoms, especially on the occurrence of convulsions and upon the 
depth of the coma, the degree of temperature, the condition of tlie 
pulse and respiration, and the power of the individual to combat an 
acute infection. The prognosis after the acute stage has passed is 
favorable for recovery, and even serious local symptoms may pass 
away. The prognosis is better than in cerebral hemorrhage, embo- 
lism or thrombosis, as the focus of disease is usually smaller and there 
is not such a gross lesiou. Recurrence of tlie disease has Inicn seen in 
thwie cases only (Dinkcn, Wiener, and Oppenheim). 

Treatment. — The treatment divides itself into the care of the 
patient during the acute stage and the ti'catment of local symptoms 
later. At the outset purgatives may be given and ice applied to the 
head, and antipyretics may be used freely, antipyrinc, quinine, saliciu. 
Leeches to the mastoid region are to be applied excepting in very 
autcmic persons, and may be rei)uuted daily during the febrile stage. 
Hot baths with mustard may be given to children, and hot foot baths 
to adults. When the stage of onset is over the various local symptoms 
are to be tre!ite<l in the same manner as if the Ciise were one of apo- 
plexy, or of ophthalmoplegia, or of bulbar i^dsy, or of infantile spinal 
paralysis. 



CHAPTER XXX. 

MENINOO-ENCEPIIALITIS. PAllESIS. DEMENTIA PAEALYTICA. 

PAUfajis or dementia paralytica is a dilTuse degenerative disease of 
the cerebral cortex characterized by mental, motor, sensojy, and vaso- 
motor symptoms, of progressive course and fatal ending. 

Etiology. — Males are mmsh more liable to paresis than females.* 
Inherited weiikness of the nervous system predisposes the individual 
to the development of paresis. It is a disisise of early a<lult life, the 
majority of cases developing between the ages of tliirty and forty-five 
years ; but no age is exempt, as cases have bwn reporte<l both in child- 
hood and in old age. Mott* has nscently rejmrted 22 cases of juv(!uile 
general paresis, and hjis collected 75 other cjis(!S. It is evident, there- 
fore, that the disease may develop in children. In the majority of 
these ciistis hereditary syjJiilis was found to be the cause. It is a post- 
syphilitic dist'ase in about GO per cent, of the cases, though statistics 
gatherc'd from 54 different authorities by Mott* giive a varying per- 
eontage from 1 1 per cent, to 94 per cent. The German statistics show 
80 {K‘r cent, of the cases to be syphilitic, and recent tests of the spinal 
fluid an«l of the blood have demonstrated the presence of sypliilis in 
90 per cent, of the cases according to Nonne. But, as in locomotor 
ataxia, it is not due to an ai'tive syphilitic process, since the patho- 
logical lesions are not peculiarly syphilitic, and it is not arrested by 
aniisyphilitic treatment. The interval between the syphilitic infection 
and the onset of paresis is usujilly a (K)nsiderable one — from five to 
twenty years. Mental strain and anxiety arc the chief exciting causes 
of the disease. Tlie tremendous efforts to attain financial and social 
success, the enormous responsibilities underbiken by ambitious men, 
the effort to carry through large projects, and the ceastdess work day 
and night, with no rest and little sleep, which are characteristic of life 
.at the present time in our large cities, are the chief factors in the rapid 
increase in the numl)er of cases of paresis. It is admitte<l by all that 
it is a disease of the more highly civilized, the more mentally active 
type of men. Hence, the higher classes are more liable than the 
lower, and those who lead an agricultural life are almost exempt. 
Petarson sbites that in Egypt the disease is very rare, though syphilis 
is prevalent there. Tlie Mohammedans do not use alcohol. Alco- 

’ Thc statistioul HtatcmcntB in tliis cliapter are biised on the analysis of 3454 cases in 
the Berlin Asvhini l>y .Tatiius and Anidt, Arch. f. IVych., B«l. XLlV., 1908. See also 
Jolly, An-h. f. Psych., Bd. XLIV., p. 269, and upon 3,0W cases analyzed by Clark and 
Atwood, Jour. Nerv. and Ment. IMs., !8ept., 1907. 

’Archives of Ncuitdogy of London County Asylum, 1899, vol. L, p. 250. 

’Loc. cit., p. 109. 
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holism and excess in sexual indulgence are certainly additional factors 
in its production. Alcoholism is present in a tliii’d of the ciises. A 
certain number of cfases s«H;m to be traceable to injuries of the head 
and to sunstroke. 

Pathology. — The disease begins with changtis in tlie vessels, 
hypersemia of the pia and small corticiil vessels, increase of nuclei in 
the vessid walls, occasional stasis in the capillaries, and exudation of 
scrum into the lymph spaces. As it advances, a formation of fusi- 
form dilatations of the vessels and the dev'clopnamt of fibrils of con- 
nective tissue between the vessel walls and the surrounding neuroglia 
occur. In the neuroglia at the same time a marked imimise of the 
nucleated cells, with numerous brancihing processes is in progress, 
numerous spider wlls developing tliroughout the cortex, arounii the 
vessels and lymph spaces, and about the nerve cells. This inereast? 
of neuroglia goes on rapidly, producing a diffuse sclerosis of the cortex, 
which is followe<l by retraction of the tissue Iciidingto atrophic shrink- 
ing. The entire brain takes pjirt to a lesscir degree in this pntcess. In 
the cerebral tissue at the same time there is in progress a degeneration 
of the finest nerve fibrillse and of the braudiing processes of the nerve 
cells. This begins in the tangential fibres of the first layer of the cor- 
tex, but later involves all tlie layers of cells. A swelling (diromatoly- 
sis, with hyaline or fatty degeneration, vacuolization, pigmentation, 
and final atrophy of the cell bodies hikes place. The formation of 
(iystic cavities throughout both gray and white mattiir is often observcil. 

Mott,* whose invcstigiitious are most reliable, believes that the start- 
ing point of psircsis is a degeneration in the neurones of the <;ortcx. 
This is attended by the produirtion of choline (see page 29) which can 
1)6 found in the cerebro-spinal fluid in paretics. Choline is a toxic 
substance ctiu-sing a depression of the heart and a lowering of arterial 
pressure. Mott believes that its presence oiuscs a venous stasis in tlie 
veins of tlie brain, especially those of the convexity opening into the 
longitudinal sinus, in which the blood flows ttontrary to gravity. (See 
Fig. 207, page 405.) He points out the fact that it is in the domain 
of these veins that the thickening of the pia arachnoid occurs. The 
choline accumulates in the periviiscular lymph spaces about the veins, 
causing stasis and inflammation, which are intensified by the a(;tion of 
gravity in the veins tliat empty into the longitudinal sinus. CKdema 
of the brain follows, and tliis is always present in paratic brains. The 
eerebro-spiual fluid contains leucocytes in much greater number than 
in hciilth. 

The final result of these pathologiciil processes in the vessels, ih:u- 
roglia, and cerebral substance is a gradual atrophy of the brain, so 
that it weighs much less than normal, sometimes only two-thinls of the 
normal, the left hemisphere lieing more atrophied than the right one ; 
it appears shninkeu, tlie convolutions iK'ing narrow and the sulci open ; 
the brain tissue is liard, pale, friable, pigmented and on the summit of 
the convolutions adherent to the pia, which is o{)aquc and thickened. 

‘ AivUivet of Meurology of London County Asylunw, vol. i., p. 396. 
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When the pia is stripped off, portions of the cortex come away with it, 
The thickness of tlie cortex is seen to be much reduced. A tiiickened 
condition of the ependyma of the ventricles is uniformly found. There 
is usually an increase of fluid within the ventricles and beneath the pia. 
As a (iomplication the lesions of pachymeningitis with heematoma are 
not infrequently present. All of the changes in the cortex are more 
marked in the frontal lobes and motor urea and about the Assures of 
Sylvius, but in the later stages of the disease no part of the cortex is 
uorimil. In about 10 per (sent, of the cases spinal lesions are found in 
addition to the cerebral lesions. These consist of sclerosis in the pos- 
terior and lateral columns of the cord. There are some cases in which 
the posterior sclerosis is the first Icssion to appear, and in these tlic 
lesions of locomotor ataxia are well marked, as dready described, page 
3.*}9. In other eases they appear after the condition of piresis has 
developed, and then they are not so complete. The sclemsis in the 
lateral columns is usually due to secondary degenc?ratiou in the motor 
trusts after changes in the motor cells of the cortex. 

Symptoms. — Paresis begins, as a rale, very gradually, so that 
many cases are overlooked and others are consiclered as neurasthenia 
or dyspepsia for some mouths, there being present some of the symp- 
toms of one or both of these discjases. After a time the friends of the 
patient begin to notice that he is not acting naturally, that he is unusu- 
ally irritable or excitable, is offended or delighted at slight pravoca- 
tiou, is variable in his moods, and appears at times inattentive, forget- 
ful, and careless of tlie proprieties. Soon it is found that his affairs 
are in confusion, his accounts not properly kept, and tliat it is impos- 
sible to keep his attention concentrated upon important business or 
upon any train of thought, so that his conversation becomes noticeably 
fragmentary. He cannot do his work, and yet resents any interference 
with it, maintaining that he is jjerfectly well. He will admit some 
confusion of thought, some cerebri sensations of discomfort, irritability 
and sleeplessness. His memory for recent occurrences then begins to 
fail. He neglects engagements ; he disregards obligations, sleeps in 
company, loses his temper, and uses bad language at home or in public, 
neglects his family, and, though previously moral in conduct, indulges 
in alcoholic and sexual excesses. By this time it is noticed that his 
speech is a little tliick, indistinct, and hesitsiting, and a fine tremor of 
the tongue and lips aud possibly of the bands may be detected. The 
affection is one of fine coordinated movements — a cortical ataxia rather 
than gross paralysis. The pupils are often unequal, or contracted, or 
dilated, and react very slowly to the light in the early stage ; and soon 
fail to react to light at all, though they react in accommodation. The 
Argyll-Robertson pupil is present in 95 per cent, of cases. 

During the perio<I of invasion headache and sleeplessness are some- 
times prominent symptoms, and a gradual loss of weight goes on. 
From the outset restlessness is noticeable, and after a time it seems 
impossible for the patient to keep quiet, he wants to take all kinds of 
exercise, to walk for miles, to go about even when exhausted by fatigue. 
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His intellectual powers are uotably weakened, he is no longer attentive, 
logical, self-controlled, cautious, or careful in conduct, and tlie change 
of chanuiter becomes apparent both to his family and to his ac([Uiunt- 
ances. This period of invasion varies from one to three yejirs, and 
may be interrupted by periods of subsidence of many of the symptoms. 
It usually goes on to the full development of the disease. 

The prominent symptoms during tlie periotl of invasion differ some- 
what in different ciiwjs, and this has led German authors to distinguish 
between various types of the disease, (a) They find the demented 
type the most common, .37 per cent, of tlieir cases belonging to it. In 
tins type there is a slowly advancing mental failure witJi imj>erfect 
power of attention and defects of memory and an indifference and 
apathy as the more prominent mental symptoms. (6) The expansive 
type is next most common, 27 pt:r wait, of their cases being thus 
classified. In this type the ]>iitients are constantly boasting of their 
physical or financial well-being, are confident of their own caimcity and 
undc^rtake all sorts of absurd schemes. 8u(;h piitients if wealthy are 
liable to ruin tliemstJves by foolish financial schemes, and if in places 
of power are able to do much harm to others as well as themselves. 
The cause of many failures in the business and banking world, and the 
wrecking of several railway systems can be traced to beginning paresis 
in the man in power, (c) The depressed type is the thinl in frwpicncy, 
17 per cent, belonging to it. In this type the neurasthenic symptoms 
ar(i attended by mucii mentid depression ; self-accusation and suicidal 
impulses Iniing common. The {uiticnt is distrustful of his eapimity, is 
depressed in his spirits, takes a dark view of his afiairs and is reluctiint 
to undertake responsibility, appreciating his own growing incapataty. 
He is worried over his affairs, even without cause, and is apprehensive 
of his own condition. Many such csiscs are at first Hup{M)scd to be 
cases of simple melancholia and the diagnosis is diffi(;ult until the 
physical signs of paresis appear, (d) The fourth type is the agitiitcd 
paretic, who is restless, uneasy, physically overactive and mentally 
irritable. Eight per cent, belong to this class. These patients wear 
themselves out by their constant activity, (e) The renuiining 11 jwr 
cent, of patients, not included in these types, present a mixture of 
symptoms which prevent their chissification. And however the diseast! 
may have begun, it is not uncommon for each type eventusdly to pre- 
sent many symptoms prominent in the other types. 

Clark and Atwood,* in an analysis of 3000 cases, found the grandiose 
or exalted type in 70 per cent., the demented tyix! in 20 per cent., and 
the depressed type in 10 per cent. This would iudictitc a racial dif- 
ference in the process of the disease in the different countries. 

When paretic dementia is fully developed numerous symptoms pre- 
sent themselves — both mental and physical. 

The power of sensory perception is not impaired, but the patient is 
often so preoccupied or indifferent that he does not notice fully or 
remember the subjects to which attention is directerl. His mind passes 
* Jour. Nerr. and Ment. Diit,, Sept., 1907. 
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rapidly from one thing to another, and he does not perceive anything 
accurately. Thus a jMJtient will forget that he has dined, or neglect to 
put on some of his clothes, will expose his person, or will commit 
openly smtdl tlicfls, will make serious mistakes in his accounts or ap- 
pointments, merely from a lack of careful jKirception and consequent 
impairment of memory. Illusions and hallucinations occur only toward 
the close of the disease, and arc followed by a marked loss of power of 
sensory perception when the dementia becomes extreme. 

The power of logical thought is imjaiircd very early. The patient 
shows impaired judgment from the outset, takes little notice of impor- 
tant matters, dwells upon trivial things, jwsts without considemtion, and 
indulges in cxtraviigant schemes, reckless expendituwis, and excesses of 
many kinds which his Ixitter judgment would condemn, lie may be- 
come exceedingly immond, all restraints of society, religion, and mor- 
ality being wholly neglected, lie Ixscomes profane, obscicne, and tipsy. 
He very frequently develops a delusion of grandeur, says that he never 
was so well in his life, believes that he is the strongest, the brightest, 
the most powerful, the most wealthy of men. And he acts at times in 
accordance with his delusion, undertaking the most extravagant .and 
impossible scihemes without any regard for his actuiil circumstances. 
Many a patient involves himself and others in financial difficulties by 
undertiiking colossal combinations and extensive business organirations 
far beyond his jowers or means, before it is realized that these stshemes 
are the product of an unbalanced mind. Yet the delusions are not 
tarried out fully in his actions, and he mixes ordinary affairs with 
them in an incongruous manner. The delusions are not as fixed or 
as systematized as in paranoia. The development of such delusions 
is a sure sign, in Meynert’s opinion, tliat an atrophy of the brain has 
begun. 

His emotional state is unstable. He has little control over its mani- 
festations, can be moved to tears or to laughter in the courst) of an 
onlinary tsonvcrssition, can Ixs excited or depressed by suggtsstions. He 
is sometimes depressed for days, and feels discomfort, but does not 
blame himself, and in the midst of the depression may become excited. 
He is usually sanguine and hopeful, and his emotion is usually in 
accordance with his delusion, one of exaltation. At times or on pro- 
vixsition the excitement may become maniacal, and outbursts of rage 
or of frenzy are not infrequent in the course of the disease. Hence 
a paretic dement is never a harmless member of society, but requires 
to Ixi watched. He rarely shows any tendency to suicide. 

Voluntary action and conduct are affected from the outset; indeed 
it 18 by change in conduct that the changes in thought and character 
are chiefly betraye<l, and the weak logical power made manifest. In- 
consistency is evident in speech and conduct. Acjts are done without 
consideration ; thus impulsive acts, such as stealing, forgery, enormous 
expenditures, even munler may l»e performed under sudden excitement 
or under the influence of a delusion, or in a fit of frenzy. All the 
onlinary restraints to conduct seem to be removed, and instinct rather 
than morality is the guide, self-control being greatly weakened. 
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ScIf-consciousness appears to be very imperieet. The patient does 
not appreciate the inconsistency between his previous personality and 
his present acts ; he docs not notice the growing anxiety of his family ; 
he regards with indifference loss of metins, or even his confinement in 
an asylum ; he is usually so engaged in his imaginary undertakings 
under the influence of his delusions that he is contente<l wherever he 
is. His ])ersonality may be changed, and he may imagine himself a 
prince, a millionaire, a deity. Gradually the cousciiousness l>ecomus 
obscure*!, he recolletsts little reganling his illness, and as the decfxsr 
dementia ensues he becomes indifferent, dull, stupid, and finally almost 
stiijmrous. In the final condition of dementia all mental action is 
suspended. 

The physical symptoms arc as marked as the mcntid symptoms, and 
in many cases are the first to appear. 

Motor disturbances apjMKir early. There is restlessiu'ss, a tendency 
to be in consfcint motion. The patient takes long walks or rides, 
indulges in unusual ex<!rcise, wishes to be going out to theatres every 
night, to visit friends all the time, and is nut content to ksid an ordi- 
nary quiet life, as before his illness. He luis a sense of physicjil jiowcw, 
and is etiger to show his strength, though this may really be impaiml 
He is very talkative, discaissing subjects of which he knows little, or talk- 
ing at mndoin. Tremor of the muscles appears cixrly, first in the 
tongue, then in the face and hands, and finally any motion is attended 
with st)me trembling. This tremor is followed by incoordination, 
which shows itself in thickness and indistin<;taess of spec(th, in irregu- 
larity of handwriting, in clumsiness in handling tilings, and an awk- 
ward, unsteady, stumbling gait. The siKuch is quite characteristic, 
letters being slurred and words mispronounced, so that any long won! 
or combination of difficult syllables, like “third artillery brigii<lc,” 
cannot be said. In writing the pxitieut will omit letters from words, 
later may write wholly unintelligible phrases, or even merely nuike 
marks on the paper, and yet not appreciate these defects of writing. 
From the first his handwriting is changed, lines being irregular, letters 
too small or too large, and badly written. The fiicial expnjssion Ix;- 
comes blank and inane — no appearance of thought or interest being 
manifest, but when he talks an excessive play of the facial muscles is 
noticeable. Paresis shows itself after a time in the limbs, and pro- 
gresses until in the final stage there is total paralysis, with increased 
reflex action and loss of all amtrol over bladder and rectnm. Finally 
8pee<!h may become impossible. The knee-jerks are either much 
increased or are lost from the outset. In fit) cases observe*! in my 
clinic the knee-jerks were increased in 53 per cent, and lost in 30 per 
cont.^ which corresponds exactly with the statistics of the German 
authors based on 992 cases. 

In the <x)urse of the disease epileptiform attacks, attacks *)f severe 
vertigo, attacks of 8ud*len l*)ss of consci*)Usnes8 witlmut convulsions, 
an*l attacks of monoplegia or hemiplegia, temponxry or permanent, 
often <K;cur. They may be the initial symptoms of the disease. They 
* E. L. Hunt, New York, Me*li<»l Record, January, 1905. 
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occnr in one half of tiie patients at some time in the course of the 
affection. 

Vasomotor disturbances are also present. The face flushes or pales 
frequently, there are sudden attacks of vertigo and of headache, and 
of feeling of fulness in the head ; the pulse is usually slow, lai^e, and 
of low tension. In tlie late stages venous congestions in various organs 
are found, and haimatoma of the ears. 

Lumlmr puncture reveals leucocytosis of the spinal fluid, as nmuy as 
100 leucoctytes being found in 3 c.c. of fluid. This is an early symp- 
tom and of importance in diagnosis. 

Sensory symptoms arc less marked than motor symptoms, but as the 
disease julvances ansestliesia or analgesia of the limbs may be found, 
especially in connection with hemiplegia. 

In the last stage trophic disturbances occur, for in the stupid, dirty, 
helpless state of tlic patient cleanliness is difficult and the liability to 
becl-sores and to cystitis is great. 

Some cases are complicated by the development of spinal sclerosis, 
either in the form of posterior or of lateral sclerosis, with its attendant 
symptoms, and in a few cases the jwiresis follows the spinal distasc. 

It is evident that the mental and physical symptoms are very numer- 
ous. Many cases show only some of them ; others present all the 
symptoms during tlie course. In some cases the mental symptoms 
apptar early and are more prominent throughout than the physical 
symptoms ; in other cases the reverse is observed. A few (sascs begin 
with epileptiform attacks. In other cases tlie symptoms begin with a 
Inematoma of the dura, causing an attack of apoplexy with aphasia, or 
hemiplegia, or hemianopsia. These symptoms subside rapidly, so that 
in a week or two the patient may appear to have recovered. But later 
the mental and physical symptoms of jaircsis appetir, and then it is 
evident that the apoplexy was tlie first sign of paresis. 

The course of the disease is slowly progressive, though remissions 
of one or two years are not uncommon. Its average duration is about 
three years, though rapid cases may terminate witliiu a year, and some 
are known to have lasted five or six years. According to the Grermau 
statistics 19 per cent, die in the first year of the disease; 26 per cent, 
in the second year; 27 per cent, in the tliird year; 12 per cent, in the 
fourth year ; 6 per cent, in the tiftli year and 7 per cent, in the sixth 
or following years. No cases outlived the tenth year. In private 
practice tlie duration of the disease is longer than in asylums ; as great 
care can lie taken of patients and fatal accidents avoided. The patients 
die of exhaustion or of some complicating disease, such as cystitis, or 
pneumonia, or obstruction of tlie bowels. 

Diagnosis. — ^Thc diagnosis of paresis is to be made from the combi- 
nation of physical signs and mental and physical symptoms. The loss 
of pupil reflex to light, unequal pupils, tremoi' of tlie face and tongue, 
indistinct speech, tremor of the hands, exa^cration or loss of die knee- 
jerk^ and spinal leucocytosis arc objective physical signs of importance. 
The,}pental irritability, excitement with expansive ideas, defects of 
memoiy and of self-control are the most important early mental symp- 
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toms. Attacks of epileptic or apoplectic nature are the most important 
physical symptoms. 

Neurasthenia may be present in the early stage of paresis, and any 
or all of its symptoms may then be apparent. But a neurasthenic 
patient always notices every symptom minutely, desorilxis it fully, aiwl 
discusses its significance, while a paretic is usually not aware of the 
fact that he is ill, aud does not care to talk about his health as much 
as about his projects aud success. Defects of memory and of 8pcc<;h 
are rare in neurastlicnia, and the neurasthenic prestmts none of the 
physical signs of paresis. In a doubtful case it is on the appeaniuce 
of these signs only tliat the diagnosis of {lantsis cau be made. 

There are some cases of cerebral syphilis which resemble ])aresis, 
and it is often difficult in the early stage to differentiate these <]iscascs. 
Cerebral syphilis usually causes pain in the hea«l, worse at night. If 
it produces disturbance of speech it is rather in the form of tru(! aphasia, 
not the tremulous indistinct specich of paresis. There is never any 
tremor of face and hands, and hence writing is clear and not imjmired 
unless there is agraphia with aphasia, and this differs from the omis- 
sion of letters and words in writing presemt in piwsis. Optic neuritis 
is often present in cerebral syphilis, but very rarely in paresis. The 
emotional state is usually depress<Hl and the patient anxious in syphilis, 
while it is one of excitement and elation in parc?sis. Delusions arc 
much less common in syphilis, and are never as extreme jis in piresis. 
The signs of dementia arc more markwl in an ciirly stage than they are 
in paresis ; the lack of memory, lack of }iower of reasoning, and lack 
of self-control appearing early in syphilis a!id late in |>i>resis. In 
syphilis there are often physical signs of single or mtdtiplc localiziible 
lesions, while paresis is a diffuse disease. The course of the case in 
syphilis is variable, with much improvement under treatment, wliilc in 
jmresis it is usually progressive. 

Multiple sclerosis can hartlly l>e mistaken for paresis ; as the nystag- 
mus, tremor of an increasing kind on effort, tremor of the head and 
trunk, and absence of delusions even when some dementia is prestmt 
are characteristic of multiple sclerosis. 

The dementia of old age and the dementia of chronic alcoholism are 
not attended by delusions of exaltation and gmndeur. 

Prognosis. — The prognosis in paresis is absolutely bsid. Krafft- 
Ebing de<!lares that he has never seen a recovery in 2500 cases. It 
must, however, be remembered that remissions in the symptoms occur, 
especially in the early stage. I have known many patients who have 
had all the symptoms, to recover for a time under quiet rest in the 
country, and be able to return to business. Such remission may last 
for a year or two, during which time the only evidence of the disesise 
may te the inactive pupil, and the alight tremor of the hands, and the 
exaggerated or lost knee-jerk. I have never known these physical 
signs to subside, and I have never known a remission to last more than 
two years. Hence, the prognosis as to recovery is bad. 

The prognosis as to the duration is different in the different types of 
the disease. In the agitated type it runs a rapid course and death 
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occurs within the second year. The duration is somewhat longer in 
the depressed type. In the expansive type the chance of life is better 
than in cither of these. The demented paretic lives the longest, often 
for four or five years after the disease is fully declared. The prognosis 
is also better in the mixed type than in the three first mentioned. It has 
been noticed that those who were predisposed to the disease by a bad 
inheritance lived longer when the disease developed than those whose 
inheritance was good. 

Treatment. — There is no form of treatment which will arrest 
paresis. In the majority of patients who present a history of syphilis 
it is well to administer a thorough course of inunctions of mercury, 
followed by large doses of itxlide of potassium, this treatment being 
assisttKl l)y the use of daily hot (107° F.) baths for half an hour. In 
some cases I have seen material benefit as a result, and a remission of 
some months in the symptoms usually follows such a course. It is 
absolutely nccessjiry for the patient to stop all business, to rest and to 
avoid emotional excitement. Hence, it is well to remove him from his 
home surroundings, and, as he is not fit to travel, it is better to send 
him to a ssinitarium, or to some health rt»M)rt, or some one of the hot 
springs, where water treatment (am l)e given. Some forms of hydro- 
therapy arc of service in these cases, but cold baths and douches are to 
be avoided. A tub bath, or a hot-air box, followed by a shower not 
below 80° F., and miussage daily ap^iears to exert a favorable effect 
upon the circulation and to quiet many nervous symptoms. When the 
patient bceomes uncontrollable by his family or nurs<!s it is better to 
commit him to an asylum where he may improve, so that in a period 
of remission ho may be released and allowed to travel. The quiet 
routine life of an institution, without cxcitem<>nt or responsibility, seems 
favorable to the subsidence of the symptoms of irritation. 

In the later st^s of the disease, when dementia is well-marked, 
care in an asylum, or in a home well secluded and provided with skilled 
nurses, may prolong life for many montlis. 

Some of the symptoms require active treatment. Sleeplessness must 
be treated by hot baths at night, or massage, or by the use of paralde- 
hyd in 60-grain dose, or trional 20 grains, or sulphonal 15 grains. It 
is well to give hypnotics with hot milk, as they are more rapidly 
absorbed and more efficacious. The mojtor restlessness leads to over- 
fatigue and heart failure ; hence very many short walks in a day, each 
followed by a short rest, are better than tiie long tramps which these 
jmtients are proud of taking. When the mental (‘xcitement becomes 
very intense, and the patients cannot Iks controlled by argument, active 
purgatives, such as compound cathartic pills, alexss, or croton oil, which 
cause a temporary aneemia of the brain, will quiet them better than 
sedatives. An occasional use of bromide, or bromide and chloral, or 
even a hypodermic injection of morphine o*" hydrobromate of 
hyosoine^^-^ g™*”? however, be necessary to allay excitement. 
A single dose of fluid extract of ergot, one drachm, may have the same 
effect, but tlic continued use of ergot is to be avoided. 



CHAPTER XXXI. 

ABSCESS OF THE BRAIN. 


Etiology. — Abscess of the brain occurs as a sequel to injuries of 
the head, with and occasionally without fracture. In cjises of com- 
pound fracture or of wounds in which a septic infection occurs at the 
time of the injury such abscess formation is to be expe(!te<l. This is 
particularly true if a small bit of bone or a foreign Iwsly remains in 
the brain. In cases where the scalp is only bruised it is difficult to 
understand the source of infection. Von Bci^man declares that a 
simple contusion of the head is not capable of ciiusing an absetiss, but 
I have seen it in several cases where the scalp was not broken, though 
the bone wsis frsuitured. In some cases the abscess follows soon after 
the injury; in other cases the symptoms d<» not devdop for many 
wcKjks or months ; and cascis are on rticord where the only explanation 
for the prestmee of a latent abscess found uiiexi)ectedly at the autopsy 
was an injury received yeai-s before. 


Fig. 229. 



Largo abscess in the inferior imrictal region secondary to fracture of the skull. The thick 
capsule of the abscess can be seen. 


In the case of an infant seen with Poore at St. Mary’s Hospital, a 
fall upon the left parietal bone, causing a laceration of the scalp and 
an indentation of the soft bone, was followed within two weeks by the 
development of right hemiplegia with hemianopsia. At the autopsy a 
large cerebral abscess was found beneath the site of the injury within 
S5 545 
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the white matter of the brain, there being no apparent affection of the 
cortex for one-fourth of an inch above the abscess. The abscess had 
a thick capsule and was well defined. (See Fig. 229.) An attempt 
was made to open it, but the operation had to be suspended on account 
of the collapse of the patient. 

Fig. 230. 



Abaueis of the temponl lobe after otitia lucdlo. (T.arkin,) 


In a second case, seen with McBumey at Roosevelt Hospital, a 
compound fracture of the superior portion of the left parietal bone, 
which had healed, had been followed three months later by the gradual 
development of paralysis of the right leg. At the operation a large 
abscess was found involving the superior parietal lobule and adjacent 
portion of the posterior central convolution. In the midst of the 
abscess a considerable piece of bone was found, which evidently had 
been driven in at the time of the fracture. The operation was 
successful. The patient recovered and gradually regained power 
in the leg. . 
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In a third case, also seen with McBurney at Roosevelt Hospital, a 
similar compound depressed fracture, with spicula of bone in the brain, 
had led to the development of an abscess within two weeks of the time 
of fracture. The abscess cavity invaded the middle third of the motor 
area, and caused hemiplegia with paralysis chiefly marked in the arm, 
and here, too, at the time of operation, pieces of bone had to be 
removed as well as the purulent accumulation around them. The 
operation was successful and the boy recovered. 

In a fourth case, seen with McCosh at the Presbyterian Hospital, a 
fracture of the skull over the left occipital r^ion had produced well- 
marked right homonymous hemianopsia. Trephining resulted in the 
successful evacuation of tlie abscess, but the hemianopsia remained 
permanently. 

In 22 cases of abscess of the brain observed at the Presbyterian 
Hospital, 12 have been due to trauma. 

The second and probably the most frequent cause of brain abs<%BS 
is chronic otitis media. A very thin layer of l)one separates the cavity 
of the middle ear from the dura and brain. It is easy to conceive 
that a slight degree of caries in this bone will open a way for the 


Fio. 231. 
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]. rrlinanr aliaceu carlty connected with alnoa In tympanic roof. 2. Secondary abaccm cavity In 
temponMphenoldal lobe. Both abeceu cavltlea found free from pas at autopay. (Bacon.) 

entrance of microorganisms, and their development will lead to either 
purulent meningitis or to the formation of an abscess. Such an ab- 
scess may develop in the temporal lobe of the brain or in the lateral lobe 
pf the cerebellum. Fig. 231 and Plate XXI Y. show such abscesses. 

The first attack of otitis media is rarely followed by a brain abscess. 
It is in the chronic cases, where as time has gone on the bone has been 
slowly eroded, that a sudden attack of in^mmation of the ear goes 
on to the formation of the brain abscess. 
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Many cases in adult life arc traced to infectious otitis media occur- 
ring in childhood, the frequency of this complication of scarlatina and 
measles being well known. 

In all such cases there is a history of a chronic purulent discharge 
from the ear, which from time to time ceases, but recurs, and then 
suddenly an acute attack of pain in the ear occurs, which is soon fol- 
lowed by the cerebral symptoms of abscess. In other tsa^s tlie acute 
atta(;k of otitis subsides, but the patient d«x!S not feel quite well, and 
after some weeks the signs of a brain abscess occur. 

Komer lias shown that such abscesses arc more common on the 
right side. Barr in a collection of 76 such abscesses found 56 in tlie 
temporal IoIkj, 13 in the cerebellum, 2 in the pons, and 1 in the ems. 
Poulsen collected 13 cases of abscess, of which 9 were in the temporal 
lobe and 4 in the cerebellum. Between 1900 and 1905 82 abscesses 
secondary to otitis media have been published ; of these 54 were in the 
temporal lobe, 25 in the cerelicllum and 2 in tiie occipital lobe, and 1 
in the third frontal convolution. 

A third cause of brain abscess is a carious process starting in the 
nasal cavity or orbit, or an infection after some operation upon these 
parts. Thus, some years agt), before the importance of aseptic surgery 
was appreciated, I saw a case of abscess of tlie frontal lolx;, with 
sudden deatli, which followed within a week of an operation for the 
removal of an exostosis of the septum. I have known of several 
similar cases, and Kahnt and Dreyfuss have collected a number. 

Abscess of the brain has been known to follow erysipelas of the 
face and head. 

Metastatic abscess in the brain after abscess and gangrene of the 
lung is not very common, but ixicurs. Nahter has collected 8 such 
cases in a study of 100 cases of pulmonary gangrene. It may also 
follow bronchiectatic abscess, empyema and pyiemia, ulcerative endo- 
carditis, and abscess in any organ. In these cases there arc small 
multiple abscscsses in the brain, whose existence is usually overlookeil, 
as tlic general symptoms of the original disease obscure the cerebral 
symptoms. 

It has Ixicn supposed that in some cases of unknown origin the cere- 
bral abscess is the result of some infection, and many forms of infec- 
tious disease — typhus, typhoid, cerebro-;spinal meningitis, measles, 
influenza, and tuberculosis have been considered tlie starting point of 
cerebral abscess in various reported cases. 

Pathology. — Abscess in the brain is the result of a purulent enceph- 
alitis. Streptococcus pyogenes, staphylococcus pyogenes aureus, albus 
and citreus, and pneumococcus have been found in such abscesses. It 
may present several diflerent app^rances. There may be a small, 
localized, softened condition of the brain tissue, in which on micro- 
scopic examination leucocytes, pus cells, and microorganisms are found. 
This is the condition in metastatic absi^esses. Von Bergman reports 
a case in which 100 such little collections of pus were found in one 
brain in a ‘patient who had pyaemia after gangrene of the 1^. 
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There may be a colleetion of pus witliin au irregular cavity without 
distinct wall, but surrounded by a more or less pulpy, broken down, 
and hemorrhagic area of brain tissue. The pus is green or brown and 
fetid. Such abscesses extend rapidly and lead to a fatal termination. 
Even if evacuated and drained they are likely to go on, and very often 
set up a meningitis. 

There may be a collection of pus enclosed in a thick connective^ 
tissue capsule lying in the white matter of the brain, and quite distinct 
from the brain tissue. This form occasionally shows a tendency to 
rapid progress, but is usually of slow growth. It usually lies in or on 
the brain like a tumor, causing symptoms of pressure ; or it may cause 
no symptoms whatever, mid surprise the pathologist at the autopsy. 
This form is probably a terminal result of the second form described, 
nature forming a protecting capsule to die disintegrated tissue and 
shutting up the pus in the thick wall ; but such a pnx;ess may go on 
with some rapidity, as I have seen a thick wall in a case of abscess of 
but three weeks’ duration. The existence of the wall docs not pre- 
clude the |K)ssibility of an extension of the abscess, and in such (mscs 
an infiltration of the brain tissue about it with pus, leucocytes and 
bacteria has been found. The size of such au abscess varies. It is 
usually about as large as a walnut, but may be much larger. The 
rupture of sudi a ciipsule may cause sudden death, JU3 in one of my 
patients. It may rupture inward into the ventricle or outward on to 
the surface. It is not possible for an abscess to be absorbed. 

In many cases of abscess there occurs a complicating meningitis or 
tliromlxisis of the cerebral sinuses just prior to death. 

Symptoms. — The general symptoms of cerebral abscess are, in the 
onler of their importance ; 1. Headache, general but sometimes located 
over the seat of the abscess. 2. A change in mental characteristics, 
of the nature of irritability, alternating with dulness, imperfe(!t 
attention, slowue.ss of thought, and defects of memory — a semicoma- 
tose condition and appearance of illness out of projjortion to the other 
symptoms. 3. Abnormal temperature. 4. Changes in the bhxMl. 
5. Tenderness of the head to percussion, with change in the penaission 
note over the site of the abscess. 6. Facial palsy of tlie peripheral 
type upon, the side effected. 7. Optic neuritis. 8. General febrile 
symptoms with occasional chills. The development of these symptoms 
in a patient who hatl had an injury of the head, or is the suhjtKst of 
chronic otitis media, or who has been exposed to any of the causes 
already mentioned, shouhl awaken grave anxiety. 

It will be noticed that none of these symptons arc distinctly diag- 
nostic of brain abscess, for all of them may occur in meningitis or in 
thrombosis of the lateral sinus, and all of them may vary in severity in 
any given case. I have seen such a combination of symptoms in ]>utictits 
with otitis media purulenta who, by proper surgical treatment, have 
gone on to recovery without any subsequent evidences of brain abscess. 

Thus in two of the eases of traumatic abscess of the brain already 
mentioned headache was not present. In a case of abscess of the cere- 
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bellum which I saw with Gorham Bacon,' headache was not a very 
marked symptom until late in the disease, some time after the begin- 
ning of tlic abscess ; and in a case of abscess subsequent to ear disease, 
seen with McBuniey, headache, though present, was never very severe. 
In other (Mitients, however, I have known it to be intense, so that it 
forme<l the chief complaint. It is evident, therefore, that from the 
degree of headache no conclusion can be arrivetl at that is of diagnostic 
value. It is usually stated that the headache in meningitis is more 
severe and constant than it is in absccas ; but if all decrees of headache 
may occur in abscess, it is evident that this symptom cannot l)e relied 
upon in diagnosis. 

It is equally difficult to estimate the real importance of mental symp- 
toms. In the first place, the mental raipacity and characteristics of 
different individuals are so different that it is necessary to have known 
the ptirson prior to his illness in order to. reach any definite judgraimt. 
A condition of excitement and talkativeness in a person who is ordi- 
narily rescrveil or stolid is of much more importance than in an excit- 
able and loijuacious individual ; and, vice vena, a condition of apathy 
and stupor in a man of bright, active intelligence is of much greater 
diiignostic value than in a dull or stupid person. Anyone who watehes 
a large class going through gymnastic movements under the leadership 
of an instructor will notice that a cerbiin proportion arc quite |K!rcep- 
tibly behind the others in their motions, and even in a class of fifty it 
is rare to find any two who are moving exactly in time, especially when 
the exercise performed is a novel one. This fact illustrates the varia- 
bility of the |Mjrs<}nal equation — the different mte that obtsuns in the 
thinking process of different individuals — and unless this fact is kept 
in mind in judging of the mental state, of the slowness of tliought, or 
of the defects of attention in a person who is ill, very erroneous (!on- 
clusious may be reached regarding their significance. The effect of 
illness upon mental processes is not always appreciatwl, and varies 
much with the individual, some persons becoming restless, irritable, and 
more active mentally when ill, others becoming lethargic, morose, and 
apparently dull. Inasmuch as these variations are observed in all 
forms of illness, it is obviously erroneous to attach much differential 
diagnostic value to the mental state in distinguishing between three con- 
ditions — abscess, meningitis, and sinus thrombosis — so closely allied. 

The course of the temperature in abscess of the brain is quite 
variable. The statement lias been made by MacEwen,* and seems to 
be borne out by his cases, tliat it is common in abscess of the brain to 
find a persistently low temperature with little variation. MacEwen 
states that during tlie preliminary jieriod the temperature has been 
slightly above normal. During the period of full development of the 
abscess the temperature is about normal or slightly subnormal, from 
97° to 99° F.; and that in the terminal stage if the abscess bursts the 
temperature rises within a few hours with a bound to 104° or 105° F., 

'American Journal of the Medical Sciences, Augwt, 1895. 

'Pyogenic Infective Diseases of the Brain, Macmillan & Co., London, 1893. 
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but if the abscess is evacuated by operation the temperature rises to 
IGOJ® or 101° F., and in a few hours comes down to below 100° F., 
remaining near tlie normal until recovery ensues. He contrasts sharply 
this run of temperature with that found in infective thrombosis of the 
lateral or cavernous sinuses, in which very high temperatures with very 
great remissions, resulting in a most irregular curve between 10(5° and 
97 J° F., have been observed. He also contrasts it with the tempera- 
ture curve of meningitis, in which the temj)erature is high, l)ctween 
103° and 104° F. constantly, without the gnat remissions occurring 
in thrombosis. Okada found a marked rise of tempi;rature and a 
febrile course in 46 of 88 cases of abscess of the cerebellum ; in 1 5 
the tempt^rature was normal ; in 1 5 it was subnormal ; in 8 then; was 
a rise of temperature only at the onset, in 4 only at the very end. A 
study of the temperatures occurring in three successive cases of cerebral 
abscess shows that any conclusion from a study of temperature is not 
reliable. Thus in a case seen with Ba(.’on,‘ the curve was one whicli 
suggested throralwsis of the sinuses, there being very high temperatures, 
followed by sudden remissions two or three times a day for several 
days prior to the operation. In this case the abscess was successfully 
evacuatetl and the patient recovered. 

In a setsoiid case the temperature chart corresponded pretty nearly 
to that described by MacEwen ; the tem|)erature wsis not above 98^° F. 
or below 98° F. during the week of illness. 

In a third case the tem|)crature chart was much more suggestive of 
meningitis, varying from 101° to 104° F. during the entirt! illness of 
eight days. Hence the conclusion must be michcd that the course 
of temperature is not to t)e relied upon as a duignostic sign. 

The changes in tfio blood are important from a diagnostic and prog- 
nostic standpoint. There is an increase in tlie relative; pniportion of 
polynuclear cells on differential count above 8o per (;ciit. and the 
liighcr the proportion the nuire active the inflammation in the brain. 
Sondern * has shown tliat this is associated with a greater or lesser 
degree; of leuce>cytosis j and the higher the leucewytosis with a given 
percentage of pedyuuclear cells, the better ordinarily is the bexly re'sis- 
tance toward the infection at the time the bloexl examinatiem was made. 
A slight jwlynuclear increase with premounced leucocyte increase indi- 
cates slight iufcctiem and well marked boely re;sist!Uice. A pronoiinceel 
polynuclear increase associate<l with a pronounced Icucocytosis indi- 
cates a severe infection and good body resistance. A pronounced 
polynuclear increase and little or no leucocytosis indhatc a severe in- 
fection and little or no body resistance. An absence of leucocytosis in 
severe inflammatory lesions is a bad prognostic sign. If a differential 
count is made the high relative polynuclear percentage will also be 
found. An increasing polynuclear percentage and stationary or de- 
creasing leucocytosis indicates an increasing degree of infection and 

’ Ne^r York Medical Journal, August 15, 1896. 

*Sondem, Blood Count in Sepsis. N, Y. Med. Jour., June 16, 1906. 



652 


ABSCESS OF THE BBATK. 


decreasing body resistance. A decsrcasc both in the polynuclear per- 
centage and in the leiicocytosis denotes improvement. 

In some cases of brain abscess these changes arc not found. When 
pus is confined by dense pyogenic or fibrous membrane, in other 
words, when no absorption of toxine occurs, there is no leucocytosis 
and no polynuclear increase. Hence in some absiiesses the blood count 
does not help us.' 

Sometimes the rapid emaedation of the patient, his cachectic appear- 
ance, with yellow skin and general evidences of a septic state, are so 
marked as to suggest a latent abscess, even when the temperature is low. 

MacEwen was the first to call attention to the difference in the per- 
cussion note over the side of the head upon which the abscess lies. It 
is somewliat diilicult to elicit this physical sign. The stethoscope is to 
be placed upon the forehead in the median line, or upon some bald 
spot upon the head, as any contact witli the hair vitiates the test. The 
head is to be struck with a percussion hammer tipped with rubber. 
The note elicited varies very much in different skulls, it being very 
dull and flat in a l)aby, where the bones are very thin, and of higher 
pitch and clearer in the adult. The patient’s head should not rest upon 
the pillow while the test is applied. MsicEwen believes that as the 
intracranial pressure increitses the percassion note becomes higher in 
pitch and of greater resonance, and that this resonance increases as the 
disease advances. In four cases of brain tumor I have been able to 
confirm this statement, the note elicited being of greater resonance and 
higher pitch over tlie side of the tumor than upon the opposite side. 
In all tliese cases there w:is a great distention of the lateral ventricles 
with fluid, a condition which MiicEwen also mentions as affecting the 
percussion note. In two other cases of brain tumor, and in two cases 
of (ierebral abscess, no essential difference could be determined between 
the two sides. It is evident, therefore, tiuit this sign is one whicli 
requires further study before it can be said to be diagnostic, though it 
appears to be of considerable value, and should lie more widely known 
and more commonly noticed. 

Tenderness to |>ercussiou or to pressure is a symptom emphasized by 
Horsley as occurring in brain tumors, and it has been observed in brain 
abscess. It apjjears to depend in both cases upon the nearness of the 
tumor or abs(!css to the surface or upon a -thinning of the cranial bones 
in the vicinity of the tumor or ab8e(^ss. SiMih a thinning of the cranial 
bones occura in some caises in a very remarkable manner. Thus in a 
patient suffering from tumor of the brain, seen at the New York Hos- 
pital with Peabody, the symptoms pointed to a tumor located in the 
posterior central convolution at the junction of its upper and middle 
thirds, there being a pjiralysis with anaesthesia of arm and 1^ of the 
opposite side, and over this region there was great tenderness to per- 
cussion and to pressure and a marked difference in the percussion note. 
At the autopsy in this case the bone was so much reduced in thickness 
ov'er tliis region as to be translucent, affording a sharp contrast to the 
skull in other parts. The tumor, however, did not lie in contact with 
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the skull nor upon the cortex, but was at least one inch below the 
level of the cortex, within the superior parietal lobule and nearer to 
the falx than to the dura of the convexity. 

Facial palsy is a symptom which has been observed in abscess of the 
cerebellum from pressure upon the pons at the exit of the seventh 
nerve. It is not to l)e forgotten, however, that in esir disesise the facial 
nerve is frequently affected in its passijge through the middle ear, and 
therefore this intracmnial symptom must not l>e overestimated as indi- 
cating cither meningitis or abscess. 

Optic neuritis is a sign of great value in the diagnosis of cerebral 
abscess and especially in its differentiation from meningitis. In Okada’s 
cjises two-thirds of tlie patients dcvelop<Kl optic neuritis in one or Iwtli 
eyes. It often occurs in thrombosis of the lateral sinus, and therefore 
is of less value in differentiating abscess from this cxindition. It is to 
be remembered, however, that many abscesses of the brain run tlicir 
course without the development of this sign. 

It seems evident frf>m these considerations that in the ditignosis of 
cerebral abscess very little reliance is to be placed upon any one symp- 
tom. It is tlie combination of these symptoms, however, and a certain 
order of their development, wliich makes tlie diagnosis clear. It is 
possible to divide the course of the disiisjse into three distinct periods. 
These are not sharply separated from one another, but in looking back 
over a aise it is quite evident that they are distinct. The history of 
the following case will illustmte the course of the disease following 
otitis media : 

Male, aged thirty-six years. Had had an attack of scarlet fever at 
the age of fifteen yejirs, which was attendcKl by an infiammation of the 
middle ear, leaving a chronic discJiarge from the riglit ejir which had 
varied in intensity and severity from time to time during twenty years. 
This otitis media had not pro<lueed any pain and was not attended witli 
any degree of detifncss. ()ecasionally the discharge incnmstMl consid- 
erably and then tlie ear required some treatment. In March he cauglit 
cold, sufiered from considerable pain in the ear and from a sudden 
increase in the discdiarge of pus. The onsiit of this acute attack was 
attended by a rise of temperature, which lasted three or four days and 
then subsidetl. The discharge was quite pnifuse and was tmated by 
antiseptic washings. It lasted aliout one month and then gradiuilly 
dritid up, so that the specialist under whose care he was discharged him 
cured of the otitis media, the last week in April. This attack had 
differed in no respect from numerous preceding attacks, and was not 
considered of any jmrticular importance by himself or his family, but 
during this month of treatment he suffered fnim a constant headache 
over the right side of the head, the side upon which the ear was affected ; 
and although this heatlaehe was only occasionally intense, yet he- was 
never free from it entirely. During the month he became more and 
more nervous and irritable, also unduly apprehensive as to his own 
condition, and at times he acted in a markedly hysterical manner. He 
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also became gradually more and more depressed and somewhat dull, 
and on two occaisions during the month he vomited suddenly without 
any nausea or digestive cause. He also suffered occasionally from 
dizziness, and on several occasions felt faint when the ear was being 
treated. 

On April 29th, a few days after the dischaige from the ear had 
ceased, his headache suddenly became intense and he vomited twice. 
He became very much disturbed in his mind, was nervous, apprehen- 
sive and irritable, felt faint and dizzy. His temperature was 98° F. 
and his pulse 60. His tongue was coated tliickly, his breath was foul, 
and he had the appearance of a man suffering from some septic condi- 
tion, but there was no discharge from the ear, there was no tenderness 
about the mastoid, there was no tenderness of the head to percussion, 
the optic disks were clear, the pupils reacted promptly and were equal, 
the kuce-jerks were normal, there was no disturbance of his gait, and 
although he was complaining he was able to be up and about. This 
(M)nditiou continued on April 30th and on May 1st, but ou May 2d, 
after brisk pui^tivcs had acted he seemed to be better, though he was 
still apprehensive and still suffering from headache, nausea, and som- 
nolence. His temperature had remaiued constantly at 98° F. and his 
pulse had varied from 60 to 80. The only new symptom which had 
appeared was a dilatation of the right pupil. 

On May 4th his condition had changed markedly for the worse. 
Ho had suffered iuteusely from headache, the somnolence liad increased, 
and he had become more dull and was aroused with some difficulty, 
and when aroused was fretful and irritable, and did not talk spontane- 
ously, but only in resjxmse to questions. This somnolent condition 
alternated with a stsite of great rcstfessness, in which he turne<l con- 
stantly from side to side, complaining greatly of general discomfort 
and of pain in the right side of the head. His right pupil was still 
dilated, and though both pupils reacted to light, the optic disk of the 
right eye was distinctly congested and slightly swollen ; but careful 
examination failed to reveiil any paralysis, any change in the reflex 
activity, any disturbance of sensation, and there was still no tenderness 
over the mastoid and no tenderness to percussion of the head. The 
temperature wjis still 98° F. and the pulse 32 to 60, and occasionally 
irregular. At this time a diagnosis of abscess of the brain was made, 
and an operation was advised and agreed to. It was thought best, 
however, to defer it twenty-four hours. On May 5th the general con- 
dition had l)ecome somewhat worse. The temperature was still 98° 
F., the pulse 52, but varying much in its regularity, though never 
intermittent. His respirations were regular. He lay in a state of 
stupor, was aroused with great difficulty, his right pupil was still 
dilated, tlie optic disks congested, aud the left side of the face was 
slightly flattened, this being the only evidence' of paralysis that could 
be elicited. The knee-jerks were still normal and equal. He was rest- 
less in spite of his stupor, and occasionally had an expression of pain 
upon his face and would put his hand to the right side of his head as 
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if in pain. In spite of the absence of more definite symptoms it was 
decidecl to make an exploratory trcphininf^ over the right temporo- 
sphenoiilal lobe, and preparations were begun for this operation ; but 
before the operation was begun he suddenly liad a spasm of the entire 
left side of the body, and died. No autopsy was permitted, but in 
view of the sudden death it seemed probable that an abscess of the 
brain which had develoiMsd subseciuent to the ear disease liad suddenly 
ruptured, probably into the lateral ventricle. 

In reviewing the case it is evident that the first perio<i of the disease 
coincided with the month during which the patient was Iwing treated 
for otitis media, and during which lie ha<l suffered from headache and 
irregular cerebral symptoms. The 8c<!Oud period of the disease', or the 
period of acute onset, began on April 2bth, and lasted for three days, 
merging gradually into the third jicrioil of termination, the beginning 
of which was .shown by the onset of stupor. 

A reference to the published histories of abscesses by Bacon * and 
others will show that three periods of similar limit csui be distinguished, 
and therefoi'e it seems evident that in tlic diagnosis of absciess of the 
brain the combination of the symptoms in a regular succession of stages 
iiither than the existence of any one symptom is of the gmitest aid in 
diagnosis. 

The distinguishing characteristics of these pcriiKls may Ihi briefly 
enumerated as follows : The preliminary period, during which slight, 
irregular, and variable cerebral symptoms, chiefly paroxysnuil pain and 
a dull aidie in the hcail, iMJcasional vomiting, and a lack of power of 
concentration, with mentid fatigue developing easily and unusually, are 
the chief symptoms. During this ]x>rio<l <H;(;asiuual rise's of tempera- 
ture with (diiliy sen-sations or even an oc(»isional chill may be noticed, 
and the patient has the malaise of a slight septic infection. During 
this perio<l the esir may discharge freely or the discharge may graihially 
cease. A sudden ces.sation of the discharge, and a sudden fall of tem- 
perature to a point below normal two or three days after the discharge 
has wnsed, is a quite common inethcKl of termination of this stage; 
hence the cessation of a discharge in a chronic otorrheea, if the discharge 
has Ixicn attended by febrile symptoms for a few weehs or thiys, and if 
the ccs^tiou is attended by a sudden fall of temperature, the patient 
continuing to feel ill, with indefinite cerebral senssitions, is very sug- 
gestive of the formation of cerebral abscess. LcuwKjytosis will be 
observed early — but in moderate degree not as high a comit as in 
meningitis or thrombosis of the sinus. 

In the second stage all the symptoms that have lieen already enum- 
erated may occur in varying combination and in varying severity : 
tlie increasing mental stupor, alternating with irritability and restless- 
ness; the general septic appearance of the patient, either with irregu- 
lar temperature or low temperature and with persistently slow pulse ; 
more serious disturbance of digestion than can be accounted for by the 
apparent gastric conditions, and the development of objective cerebral 
' Uandbook of Otology, uth cd I.ea and Febiger, Philadelphia, 1909. 
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symptoms ; difference in the size of the pupils ; optic neuritis, facial 
palsy, increase of rt'ilcxes in the limbs of the side opposite to the lesion 
— all these symptoms are suggestive of cerebral abscess. It is in this 
stage that o|X!ration should be performed if the diagnosis seems reason- 
ably probable, for if the piiticnt gnoa on to the terminal state, in which 
deep stupor is the chief characteristic, the operation will probably be 
too late. 

The position of the injury in such cases will indicate the point to be 
trephined. In abstHJSScs of the convexity of the hemisphere following 
trauma the local symptoms of lesion will be thos^ already studied as 
characteristic of cortical lesion, especially unilateral spasm and paralysis 
or aphasia, hemianopsia, or hemiamesthesia. 

There are very few localizing symptoms of cerebral disease in 
abscesses following otitis media, for the functions of the temporo- 
sphenoidal lobe, and especially of that part of it which lies next to 
the petrous portion of the temporal bone, and the functions of the 
cerebellum, so far as its lateral lobes are concerned, are not fully 
known. There are apparently few distinct cerebral symptoms tliat 
develop uniformly in abscess of these regions ; but in abscess of the 
temporo-sphenoidal lobe of the left hemisphere a certain form of 
aph^ia lias recently been observed which deserves attention. It will 
be remembered that in the first and second temporal convolutions are 
located the memories of words heard, tlie relative degree of develop- 
ment of this function of the cortex varying much in iudividuids of 
different degrees of education. It is also to be remembered tliat in 
the occipital lobe are located the memories of objects and of words 
seen. In 1880 Freund * described a condition which he named optical 
aphasia. This consists in an inability to name objects which arc seen 
aud recognized and whose use can be described. Sometimes the name 
can be recollected if other senses — touch, smell, and taste — are called 
in to aid sight. Freund siiys : Granting that the function of naming 
objects seen — i. e., making an association between tlie visual pictunss 
of the object and the auditory picture — is performed through the 
association tracts between the occipital lobe and the speech centres, 
the explanation of a disturbance of this function is found in a lesion 
which interferes with the action of the association tract. Such a 
lesion in right-handed persons must lie in 'the temporal lobe of the left 
hianisphere.” This localiziition has l)cen substantiated by Freund by 
several autopsies. Arnold Peck * in a well-observed case of cerebral 
abscess has described this symptom of optical aphasia fully and made 
it the basis of a diagnosis of the localization of a cerebral abs(;css 
which the o])cration confirmed. In a case reported by Bacon * I had 
the opportunity of studying this defect of speech. It is alluded to in 
Bacon’s history as verbal amnesia, or an aphasia of conduction. I was 
unaware of the description of Freund at the time, and the case was 

•Aivh. f. Psych., xx., 276. 

’Praguer mcil. Wexsh., 1896, xxi., 6. 

’ New York Medical Jonrnal, Au^ist 15, 1896. 
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seen before the appearan<?e of Pick’s arti(;le. I can confirm fully the 
description of Freund and of Pick, and therefortj csdl attention of 
English-speaking physicians to this symptom. When the {mtient is 
shown objects he knows them, but he cannot name them. He can 
understand and recx>gnize their names, however. He can talk well and 
will describe the object, avoiding its name. Thus he will ssiy, when 
shown a knife, “ Yes, I know it; it is used to cut with,” etc. He can 
repeat the name perfectly. He can often name the object if he 
handles it or smells it or tastes it, but the name docs not come to his 
mind when he sees the object. I noticed in Bacon’s case a further 
difficulty which this pjitient, who was very intelligent, alst) recognized. 
When the name of an object was given it Wiis not ix).ssible for liim at 
once or easily to call to his mind the appearance of the object. In a 
word, it wiis as difficult for him to naikc an association between his 
auditory and his visual centres as it was to make one between his 
visual and his auditory centres. This is a feature of the condition not 
noted by Pick. This symptom of optioil aphasia, or intercortical 
sensory aphasia, as I name it, is due to a suspension of function of an 
association tract lying in the tennwro-occipital lobes and occupying 
the white matter deep under the cortex. It lies in a j)ositi»)n in which 
it is almost inevitably affected by abscess of the tein|Jor!d lobe develop- 
ing after otitis media. This symptom should therefore always be 
lookerl for, and may be regarded of highest value in locating the 
absceas. In left-handed persons it will ocesur in abscess of the right 
side. (See Plate XI. and jarge 135 on Aphasia.) 

When an abscess in the temporal lobe extends inwanl it may com- 
press the internal capsule and thus give rise to symptoms of slowly 
increasing hemiplegia, hemianesthesia, and hemianopsia upon the 
opposite side of the l>ody. In a case of Op|)enheim’s, openited u|H»n 
by Jansen, these symptoms were present. There was also a conjugate 
deviation of the eyes to the side of tlie abiscess. 

The chief local symptoms of cerelwllar abscess are vertigo and a 
staggering gait. The vertigo is sometimes so severe that the patient 
cannot raise the head from the pillow, and cannot even atteni|)t to 
stand. It is often associated with vomiting and soraetinurs with d(»ui>le 
vision and nystagmus. The vertigo naiy leiid to a staggering gait, but 
this may develop without true vertigo. The pjiticnit walks like a 
drunken man, grasps at objects for support, and is unable to walk a 
line. Sometimes there is a marktsl tendency to sta{^*r toward one 
side. This is usually toward the side of the abscess. In cases of 
cerelusllar abscess tlie pressure exerted u|K)n the side of the pons or 
medulla may lead to symptoms of cranial nerve involvement upon tlie 
side of the abscess. In cerebellar lesions there is sometimes a loss of 
knee-jerk on the side of the lesion. If there is at the same time a 
pressure on the pons there will be an exaggeration of knee-jerk on the 
other side. The absence of symptoms of temporal lolxj lesion in a 
case where abscess is probable may lead to an exploration of the 
cerebellum. 
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Diagnosis. — The diagnosis of cerebral abscess does not appear to 
be very difficult in ordinary traumatic cases, for there is a history of 
the original injury, of its exact location, and of the development of a 
series of cerebral symptoms pointing to a localized disease in the brain. 
If, then, the location of the wound in the head and the localization of 
the cerebral disease based upon the nervous symptoms coincide, there 
is little doubt as to the existence of the abscess. 

Where there is no history of a cause the diagnosis is much more dif- 
ficult, as it is sometimes impossible to differentiate the condition from 
acute encephalitis. Thus in a patient seen with James the develop- 
ment of acute cerebral symptoms during ten days suggested abscess. 
The patient was a pregnant woman, in the eighth month. No history 
of any of the causes of abscess could be obtained. She developed 
exophthalmus of the right eye and a slowly increasing left hemiplegia, 
with high temperature. The autopsy showed a large abscess on the 
surface of the right frontal region, but no source of infection could be 
ascertained. 

In cases of chronic otitis media four seimrate conditions may supervene 
which arc often difficult of differentiation. These are cerebral abscess, 
meningitis, thrombosis of the lateral sinus and acute encephalitis. The 
relative frequency of the three first of these conditions is about the 
same. Thus in thirty-six eases, collected by Poulson, of cerebral com- 
plications of air disease there were thirteen aiscs of abscess, tAvelve 
cases of thrombosis, and eleven cases of meningitis. 

In meningitis there is usually a more rapid onset and progress of the 
symptoms than in brain abscess. In meningitis the headache is asso- 
ciated with hypersesthesia to sound and to light, and to touch all over 
the bo<ly, symptoms which are absciht in abscess. In meningitis the 
temperature is high, varies between 101° and 104° F., and rarely if 
ever goes below normal. It does not show the rapid rises and falls 
which occur in thromlMsis of the sinuses. In meningitis the pulse is 
rapid, irregular, and intermittent, while in abscess it is slow. In men- 
ingitis there are occasional twitchings or spasm of the limbs, or con- 
vulsions ; strabismus appears early, trismus is common, and pain and 
rigidity of the neck are complained of, as the disease advances. These 
symptoms are wanting in brain abs(;css. In case of doubt lumbar 
jmneture will reveal the presence of a laige number of leucocytes and 
of microorganisms iu the cerebro-spinal fluid in meningitis, but not in 
brain abscess. 

The blood examination is of equal value. While any inflammatory 
state like that present in acute otitis media is likely to increase mod- 
erately the leucocytes in the blood, a very great and sudden increase in 
their number is a very valuable indication of a new inflammatory com- 
plication. Thus, in a case of chronic otitis media we may find 8,000 
or 10,000 leucocytes, but if a meningitis or a brain abscess develops, 
the numbt'r rises to 20,000 or even 35,000. Such a rise alone will 
iudirate that we have more than a mere otitis media in our patient. 

But this is not all. Our data as yet are not very extensive, but I 
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think we may safely say that a more rapid rise in the number of leuco- 
cytes and a higher leucocyte count is found in meningitis than in brain 
abscess. Thus in two cases which I was able to contrast as they pro- 
gressed simultaneously, and in which the autopsies showed the exact 
condition, it was observed that in the case of meningitis the lcuc(K;yte 
count ou the second day of the disease was 9,000, on tlie third 1 1 ,000, 
and then rose on the fourth day to 22,000, and remained l)etween 

22.000 and 29,000 till death on the fourteenth day. In the case of 
brain abscess the number rose slowly from 9,500 ou the third day «»f 
the disease up to 14,000 on tlie eighth day, but never went up above 

15.000 up to death, which occurred one mouth after tlie ouset. 

In thrombosis of the lateral sinus high fever with pyasmic variations 
in range and frequent chills are the rule. The temperature in the 
course of twenty-four hours may twice sink below normal and rise to 
105® F. The pulse is very rapid and irregular, but not intermittent. 
There is tenderness, swelling, and oedema over the mastoid prot^ess, and 
oedema of the netik, and the jugular vein may shind out as a hard blue 
cord on the side of the neck. Exophthalraus on one side, and ev<ai 
swelling of the conjunctiva, may Im^ seen. There is often a marked 
venous congestion of the s«ilp. Choked disk appears esirly in the 
course of the case. All of these symptoms serve to distinguish the 
disciise from abscess. 

The diagnosis of cerebral abscess arising under other conditions is 
never positive. But when a cjiuse is pwisent and cerebral symptoms 
such as have been descrilMnl occur iu a definite series of stsigtjs the 
probability of an abscess is very great. 

Prognosis. — ^The prognosis will de[>end wholly upetu the possibility 
of evacuating the abscess and draining it successfully. 

Treatment. — The only trt*atment in a brain absceas is surgical. In 
a collection of 55 eases of absticss of the brain which have l)e«m ojierattHl 
upon I found that 28 occurred after injuries, 24 after ear discasi?, and 
3 after typhoid fever. Of these 34 recovered and 21 died. OpjK*n- 
heim has recently published more extensive statistics. In (50 eases of 
traumatic abscess operated upon 38 cases recovered. In 19(5 castis of 
otitic abscess 9(5 were cured. In cases of injury and fracture of the 
skull trephining should be undertaken early, the local trauma com- 
bining with the local symptoms to guide the surgeon. 

Fig. 232 shows the relation of the skull to the convolutions of the 
temporal lobe and cerebellum, and also the position of the lateral sinus. 
The rules given by Ballance for trephining in the ctises developing 
after otitis media are given in the explanation of the figure. 

While the differentiation of abscess of tlie brain from thrombosis of 
the lateral sinus and from meningitis is of great interest to the physi- 
cian, yet it must be clearly stated that it is not absolutely necessary to 
differentiate these conditions before deciding upon the question of sur- 
gical treatment. It must be agreed that all tliree conditions are neces- 
sarily fatal to the patient, and therefore, that any means which may 
offer a reasonable amount of relief to any or all should be employed at 
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the earliest possible moment without waiting for absolute diagnosis. If 
the condition is one of meningitis the patient will die whether operated 
upon or not, and the operation will not do any harm. If the condition 

Fig. 232. 



Lateral Bspcot of a amall adult ahull. The llluatratlon ahnvrs the ralatlona of the lahtral atnns to the 
outer wall of tho cranial cavity and the positiuu of tho trephine opening (a), which should be made 
when It la deemed necessary to expose It. The base line (Itcld’s) i>asscs through tho middle of tho 
external auditory meatus, and touchm tlte lower margin of the orbit ; it is inarhed out in eighths of an 
Inch, us are also the perpendicular lines drawn from it. The measurements are made along tho base 
line IWim the middle of tho bony meatus. The drawing also shows the convolutions of the temporo- 
sphcnoldal lobe, tho Sylvian fissure, and the position of the lower end of the fissure of Rolando (Rot.) 
z X indicates the site of the tentorium as far as it la in relation to tho external boundary of tho skull. 
The anterior x shows the point whero the tentorium leaves the side of the skull and is attached to tho 
superior bonier of the iietrous bone, a, trephine opening to expose sinus, five-eighths of an inch 
In diameter. Its centre heing ono Inch behind and a quarter of an inch aliove tho middle of the 
bony meatus. This opening can easily be enlarged upward and backward and downwani and forward 
(ace the dotted lines) by suitable angular cutting bono fnrce|>s. It Is always well to extend it forwanl, 
so as to open up the mastoid antrum (c) and the gutter of the carious bono (if there bo one), which 
leads from tho antrum, tym|>anam, or meatus down to the bony groove. Tho position of tho trephine 
openings, which must be made for tho relief of infiammatory intracranial afTcctlons, secondary to dis- 
ease of the ear, other than for sinus pyemia, have Ireon added to the drawing fur tho sake of contrast 
and coiniiletencss. They are os follows ; b, trephine opening to explore the anterior surface of the 
petrous bone, tho roof of tho tyminnum, and the petro-sqiiamous fissure, half an inch in diameter, its 
centre btdng situated ashqrt inch (seven-eighths of an inch) vertically above tho middle of the meatus. 
At the lower margin of this trephine hole a probe can be insinuated between the dura and bone, and 
made to search the whole of the anterior surface of the petrous, c, trephine opening for exposing the 
mastoid antrum, a quarter of an Inch In diameter, and half an inch behind and a quarter of an inch 
alKive the centre of tho meatus ; or a quarter of an Inch almve the centre of the meatus and a quarter 
of an inch behind its posterior border. The trefihlnc should be dirccte<l Inward and slightly downward 
and forward. When a superficial disk of lione has been removed, it is well to complete the operation 
with the gouge. A larger trephine may with ailvantage bo employed, especially in adults, d, trephine 
opening for tcmporo-sphenoldal abscess, half an inch in diameter. Situation recommended by Barker, 
one Inch and a quarter behind and one Inch and a quarter aliove centre of meatus. The needle of the 
aspirator is to lie directed at first inward and a little downward and forwanl, Birmingham prefers one 
and three-fourths of an inch above, in order to avoid the lateral sinus, e, trephine opening for cere- 
bellar abscoss, half an inch in diameter and ono inch and a half behind, and a quarter of an inch below 
the centre of the meatus. Birmingham prefers two inches behind and one Inch below to avoid the 
occipital artery. The anterior border of the trephine should just be under cover of the posterior border 
of the mastoid process. The drawing shows that a trephine hole made in this situation is faraway fkom 
the lateral sinus, and that Uie trocar and oannia of the aspirator, if directed forward, inward, and 
upward, would hit an abscess occupying the anterior part of the lateral lobe of the cerebellum, which 
la the usual site of collections of pus in this part of the brain, — From Brain Surgery, by Starr, p. 198. 
(BaBanoe.) 
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is one of abscess or of sinus thrombosis, the operation may give relief, 
and if one condition is not found the other may be sought for. When 
it is considered that a few years ago both these conditions were con- 
sidered necessarily fatal, and when it is known that within the last two 
years the number of successful operations reported for bniin abscess has 
been lai^, it is evident that surgeons are appreciating the netiessity of 
this procedure. And when it is further learned that of 419 absi^esess 
collected by mo in 1906 ' 197 recovered, and of 79 cases of sinus 
thrombosis 41 recovered, it is evident that surgtsry has done a great 
work in the treatment of these conditions. This is not the place to give 
detailed histories or analyses of these opcnitions. It is evident, how- 
ever, from their study, that the cases in which success did not attend 
surgical procedure were those in which the operation had been de- 
layed too long or hiwl not been thoroughly exploratory. When it 
is considered that the part of the bruin which is usually involvcnl in 
the abscess, viz., the tempond lobe or the cerebellar hemisphere, may 
be destroyed without producing any local symptoms, and when it is 
found that the patients, after the evacusition of abscsesses as large as a 
hen’s egg, may recover without the apparent loss of any certsbnil 
function, it seems jastifiablc at the time of the opemtion to (jxplore the 
brain thoroughly in these regions without fear. Ijui^ incisions may 
1)0 miule into the base of tlie tem|)oro-sphenoidal lol)e or into the lateral 
lobe of the cerebellum without doing any harm except from the attend- 
ant hemorrhage. If the abscess is not found on exploring the temporal 
lobe it is advisable to explore the cerebellum. 

Inasmuch as almost all brain abscesses have a thick (aipsulc and 
contain very thick pus, it is not sufficient in the exploration to merely 
puncture with a nee<lle or with a small trocar, as the wall may be 
pushe<l before these instruments and not punctured. I would strongly 
urge the use of an instrument devised, I believe, by Horsley for the 
exploration of the deeper parts of the brain. This instrument re- 
sembles closely a large ear speculum, but is sharp at the end and is 
placed upon a scissors-like handle and is split in two parts, so that 
after its intixxluctiou its sides may be separated, allowing a view of the 
bottom of the cjivity into which it is introduced. By pushing such a 
speculum into the brain tissues gently an incision of the vessels (sui I)e 
avoided, the resistance of the capsule of the abscess more easily de- 
tected, and the wall can be seen before and during the time of its 
incision. 

The question of drainage of these abscesses is also one of great 
interest. It is to be remembered that the cavity of the abscess in the 
majority of cases is large and that it will require some time l<)r it to 
contract or for its walls to approximate, and for the cavity to Im; 
obliterated. Unless thorough drainage is maintained during that time 
the abscess will reappear. The tendency of the brain tissue to collapse 
is so great tliat unless the drainage is maintained by a fairly stiff tul)e 
it will not be successful ; hence it has seemed to me that a small roll 
36 * New York Medical Record, March, 1906. 
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of rubber tissue or a decalcified bone tube is preferable to horse-hair 
or to gauze. 

The practical conclusion, therefore, which experience has taught is 
this : that when a cerebral abscess seems probable from the history of 
the case and from the symptoms which have developed, and the general 
progress of the case demonstrates the existence of an incresising and 
serious focal disesujc of the brain, it is advisable to operate, even 
though the symptoms may not be absolutely typical and may present 
nmny variations from their usual form. 

The rapidly increasing percentage of recoveries after operation 
warrants a degree of boldness, provided the surgeon is careful in the 
observance of every rule of ascipsis, without which precaution such a 
venturesome operation would be criminal. 



CHAPTER XXXTI. 

THKOMBOSIS OF THE VENOUS SINUSRS. 


Thk various venous sinuses of the ersmium and their communica- 
tions are shown in Fig. 233. A thrombus may form in any of these; 
sinuses, but it is in the lateral or transverse sinus that it is must com- 
monly found. 

Etiology. — Thrombosis is the result of a phlebitis of the wall of 
the sinus due to an extension to it of an inflammatory pn)cess, usually 
of a septic nature, in the immediate vicinity, viz., from the dura mater 
in pachymeningitis, from the bone and veins after otitis metlia, or 
chronic nasid disease or orbihil disciise. Occasionally thrombosis may 
be secondary to septic prtxsesses elsewhere, especially ab8(;es8es and 
carbuncles. In all these ciises the thrombus is infected, conhiins 
bact(;ria, and if it breaks up and its particles are carried onwartl it 
(Pluses infective emboli in other organs, and pymmia. In children 
dying of marasmus, in chronic invalids who have suffered from ex- 
hausting diseases and have died of heart failure, in a few triiw>s of 
fatal infectious fevers, and in cases of chlorosis, thrombi have be<;n 
found in the sinuses without phlebitis, and in these cases they have 
been ascribed to the state of the blootl. The pressure of a brain 
tumor or of a dural tumor occasionally lesids to thrombosis. In a 
collection of cases by Allport' 118 out of 128 ca8<;s were secondary 
to otitis media. The majority of cases occur between the ages of 
fifteen and twenty-five years. 

Pathology. — The thrombus nmy be confined to one sinus or even 
to a portion of it, or it may invade several of the sinuses by gradual 
extension. It often projects into the veins which lead out of the sinus. 
It is usually a sr»ft clot adherent to the wall of the sinus. Tlie wall is 
slightly rpughenetl. If time has permitted, the clot may become hard 
or even organized. If septic it is foul in odor, broken d<jwn, yellowish- 
green, and purulent, and the adjjicent wall is covered with pus. Thus 
in a patient, operated upon for me by Abl)e, with lateral sinus throm- 
bosis secondary to ear disease, a purulent, fetid, gr«x;n mass occupietl 
the sinus near the ear, a long clot was extracted from the jsisterior 
part of the sinus, another was pulled up from out of the jugular vein, 
in which a hard thrombus had formed which could be felt in the neck ; 
the wall near the purulent mass was rough, softened, evidently infil- 
trated with pus. In this case the jugular was tied before the sinus was 
opened. The patient recovere*!. 

* Journal of the American Medical Aaeociation, 1902, p. 690. 
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Ill patients who die a congestion of the brain is found in the area 
whose blood empties into the sinus that is the site of thrombosis, and 

Fio. 233. 
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S]niiptom3. — Thrombosis of the longitudinal sinus is extremely 
rare and occurs chiefly as the result of septic jmehymeningitis or in 
cases of marasmus. In both conditions its occurrence is mrely diag- 
nosticated, the only symptom Indicative of it being a marked venous 
stasis in the scalp. When this is present the veins of the entire cninium 
are distended, including those of tlie orbit ami eye. In a csise of 
Oppenheira’s, due to chlorosis, choked disk was seen in both eyes. 
Nose-bleed has been observed, and bulging of tlie fonfainelle in infimts. 

Thrombosis of the lateral sinus is a frequent complication of otitis 
media, and its diagnosis rests partly on the prior existemte of tliis dis- 
ease with its symptoms of earache, purulent discharge, lieadaclu;, and 
genenil malaise. It causes a venou.4 congestion of the niiistoid region 
and oedema over the mastoid, with pain and tenderness ; a swelling 
and thrombosis in the jugular vein which can l)c felt as a haixl cord in 
tlie neck in one-third of the cases, or an unusual emptiness of this vein 
detected in inspiration (Gerhardt’s symptom), a swelling of the cervical 
glands, piiin in the neck on motion of the hesul and sometimes on swal- 
lowing, nystagmus and occasionally torticollis, the patient holding the 
hcsid toward the affecttHl side to avoid pain. There is a choke«l <lisk 
in over one-half of the cases within the first week. The gcaiend con- 
stitutional symptoms of thrombosis of the lateral sinus are very similar 
to those of brain abscess, and tlie reader is referred to that chapter for 
the few points of distinction which can Ikj made. The distiasc often 
begins with a chill and high fever (104°-106° F.), headache, vomit- 
ing, vertigo, stupor, and delirium, and these are st)on followed by local 
cerebral symptonLS, such as hemispasm or pamlysis, aphasia, or some 
aflection of the cranial nerves. The fever, as a rule, continues high 
with frequent intermissions, and, if septic emboli lodgj;, esudi gives rise 
to a chill, a fall of temperature below normal, and a rise to 105° or 
100° F. Profuse sweating, rapid, irregular pulse, tliarrluea, jaundice, 
and local signs in lungs, liver, spleen, and kidneys esttblish the exist- 
ence of pyasmia. Death follows in the course of ten days unless sur- 
gical treatment is efficacious. 

Thrombosis of the cavernous sinus o(!Curs in connection with nasiU 
and orbital disease. Its local symptoms are oedemii and swelling, with 
venous congestion in the face and about the eye, nasid hemorrhage, 
exophthalmus, and distention of the retinal veins. Various forms of 
strabismus invariably appear as the oculomotor and abducens nerves 
pass through the walls of the sinus. 

Prognosis. — The prognosis is absolutely fatal excepting in the cases 
where an operation can be performed in time — viz., in thrombosis of 
the lateral sinus. 

Treatment. — The treatment of thrombosis of the lateral sinus is by 
trephining the bone over the sinus, or by chiselling away the mastokl 
process and la)ring bare the sinus, which is then opened freely and 
cleaned out. It is always well to tie the jugular vein prior to the 
opening of the sinus. If a clot is found and taken away free flow of 
blood must be allowed to wash out the remnants of the thrombus, and 
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the inner wall of the sinus may be scraped with a small curette. The 
hemorrhage is easily arrested by pressure, and the spontaneous tendency 
of the sinus wall to heal is remarkable. The only cases which prove 
&tal are those in which tlie thrombus is not entirely evacuate, in 
which secondary thrombi lead to pyaemia, or in which gangrene of the 
wall of the sinus leads to a secondary thrombosis. In a collection of 
150 cases from reecnt literature 90 cases were found to have recovcrefl 
from this operation. For full details of the o})eration the reader is 
referred to MacEwen’s* book and to the articles by Koerner* and 
Jansen.’ 

‘Pyogenic Infective Diseases of the Brain, Macmillan Co., 1893. 

* Die otitische Erkrankungen des Gehims, Jena, 1894. 

* Berliner klin. Wochenschrift, 1891, p. 1100, and 1901, p. 721. 



CHAPTER XXXIII. 

TUMORS OF THE BRAIN. 

Tumors of the brain are not uncommon relatively to other nervous 
diseases, and arc seen both iu children and in adults. Collections of 
cases of brain tumors have been published during the psist twenty years 
by Bernhardt,' Stelfun,* Bramwell,® Mary Putnam Jacobi,^ Mills and 
Lloyd,® Knapp,® Bruns,^ Oppenheim,® and myself.® It is possible by 
the study of these collections of cases to make a tair estimate of the 
relative frequency of different varieties of tumor and of the various 
situations in the brain in which tumors grow, and also to estimate the 
probabilities of success in finding and removing a tumor. Witliout 
attaching too great importiuice to statistics on tliis subject, T have 
selected as the basis of this cliaptcr, from the collections already named, 
600 tumors. These; are tubulated in Tal)le XI IT., in which tumors in 
individuals below the age of eightwai years, chiefly children, are s<'p- 
arated from those in adults, for the purpose of contrast. In this table 
no tumors are included which have been rt;nioved or in which siu'gieal 
interference has been utt(;mpted. Yet during the jaist twelve years 
over 400 tumors have been oiicrated upon. 

The percentage of cases ojwn to operation has been variously esti- 
mate<l by different authors, au<l their r(;sults are demonstratwl in Table 
XIV. The various authors cited have made collections of cases with 
post-mortem I’ecords, and from a study of the condition found at au- 
topsy have estimate«l the probability of success iu the removal of the 
tumor found. In this teble I have included 100 ca‘K;s umler my own 
care, some without autopsies. In 20 of these the tumor was found 
either at the operation or at the autopsy to be a(K:es8ible. Fn^m this 
table it is evident that about 9 per cent, of tumors can lx; remov«;d. 

Etiology. — Little is known regarding the muse of brain tumor, 
though in a certain small penajntage of caat;s a history of a blow or fall 

* Beitriixe zur Srmptomatoloffio and IKa^mtik der HimKCHchwiilKtc, 1881. Also 
yearly suinniaiy in Virchow’s Jahresbcricht, 1881 to 1909. 

*l)ie Krankheiten dcs Gehirns im Kindcsalter. Gerhardt’s Handb. der Kinder- 
krankheiten, 1880, vol. v. 

’Intracranial Tumoni, 1888. Edinburgh Medical Journal, December, 1894. 

* Reference Handbook of Medical Sciences, 1888. 

’ Pepper’s System of Medicine, vol. v. 

’Intracranial Growths, 1891. 

' Encvclopadischee Jahrbnch, 1896. 

’ Notlinagel’s allg. Path. u. Therap., 1896. 

* Medical News, Jan. 12, 1889; Intracranial Tumors, Keating’s Cyclopccdia of Chil- 
dren’s Diseases, 1890. Brain Surgery, 1893. New York Medical Record, February, 
1896. Montreu’ Medical Journal, Nov., 1897. Journ. Nerv. and Ment. Dis., June, 
1903. Jour. Amer. Med. Assoc., July, 1907. 
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oa the head has btien obtainc<l. It is known that males are more sub- 
ject to briiin tumor than females, and that persons of all ages are lia- 
ble to brain tumor. 


TABI.B xiir. 

(The lirst column are children’s tumors ; the second column adults’ tumors.) 


Situation. 


I. Cortex cerebri 

11. (Antrum ovale 

III. t'orebnil axis: 

1. Basal ganKlin and lateral 

ventricles. 

2. Corpora quadrli^mlna 

am! crura cerebri. 16 _ 

3. Pons lU llj 

4. Medulla. 2 

6. Base I ...! 

H. Fourth ventricle t 

IV. Cerelxtlluiu..... 47 

V. Multiple tumors. i 3-1. 


— - i 


9 1 48 


2 6 7 


14, U, 
1 
»! 

iii 


I 




i 

« 


8: 10 l:) 151 
4 3 5 ... 


I 


3i 


6 19 

1 Hi 


3 9, 


8 1 ' 


ts 

u 

iii !i 


1 19, 
I 3' 


1.8 


1112 


1. 3 


1 3 5 


■a 

I 


21 127 
35 51 


27 34 

21 14 
33; 17 
« 2 
3 9 

5 4 


10 g« 41 
1 43: 57 


152 41 34 86' 37 54 5 ; 25 30 2 10 31 2 20 30 411300.800 


Table XIV. — Percextaoe of Brain Tumors Eemovable. 


Author. 


Mill!) and Lloyd.. 

Hale While 

Starr. 

Knapp. 

Gray 

Gray 

Seydol 

Dana 

Starr 

Byrom Bramwell. 

Oppcnholm 

Bnin. 

Starr 


No. of CaacH. 

Otierable. 

100 

10 

100 

10 

900 

10 

40 

2 

59 

4 

49 

6 

100 

9 

29 

s 

800 

21 

50 

3 

29 

1 

93 

3 

100 

20 

1,277 

104 

Varieties of Brain 


Reference, 


Pepper'e System, 1888, Tol, r, 

Guy^s Hospital Itcpurts, 1888, 

Medical News, January 12, 1889 (children). 
Intracranial Growths, 1891. 

Sajous' Annual, 1891. 

“ “ 1892. 

Verhand, Dcut. Geseii, t Chir., 1892. 

Trans. New York Acad. Med,, Jan., 189.8. 
Bruin imrmry, 1893 (adults). 

EdinburKh Jlci. Journ,, June, 1894, 

Die Gcscnwaltn; dcs Uehinis, 1898, 
Encyclo. Jahrcsiierlcht., 1898. 

Personal cases to 1901!. 


of tumor known has been found within the brain. There are certain 


tumors, however, which are quite common, and others which are very 
rare. In the first class are tubercular, sarcomatous, gliomatous, gliosar- 
comatous, cystic, carcinomatous, and gummy tumors. In the second 
class are fibromatous, angiomatous, myxomatous, osteonuitous, and' 
lipomatous tumors, also psammoma, cholesteatoma, and echinococcus 
cysts. 

Tubercular tumors of the brain are the most common of all the forms 


of tumor. They occur with greatest frequency in childhood, being 
sometimes primary, but usually secondary to tuberculosis of other 
organs. In 20 per cent, ttf the cases recordetl, tubercular tumors are 
multiple. ' This fact should not be forgotten in studying the symptoms 
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of brain tumor and in diagnosticating the location of the tumor, for if 
the tumor is probably tul)ercular, and if the symptoms are not clearly 
explicable upon the theory of its location in one part of the bruin, it is 
to be remembered that two or more different tumors in diffeixmt loca- 
tions may give rise to a greiit variety of symptoms. Tubei’cular 
tumors vary in size fnim a small collection of miliary tubercles lying 
in a mass of thickened piii mater up to a large solid circumscrilHHl 
miiss, with lianl, cheesy, or broken-down granular centre and a dis- 
tinct capsule. Not infrequently the tumor is surrounded by a tuber- 
cular infiltration both in the bniin ami its membranes. ^>metimcs 
irregularly-shaped deposits of tubercular tissues are found upon the 
bas<! of the brain, in the meshes of the pia mater, compn>ssiug the 
cranial nerves. (Ifig. 234.) 

Tubercular tumors msiy be found within the cerebral tissue at some 
distance from the surface, and no part of the brain can be siiid te Imj 
free from a liability to tubercular deposits. But tlie lai'gc majority of 


Fio. 234. m 



Tub^mtlar tumor In right optic thalamuti. Tulicicular meningitis of the median surface 
of the hemisphere. 

this variety of tumors are found in connection with the meninges and 
about the large vessels of the brain, so that they arc more {jommonly 
discovered u|K)n the surface and about the base than lying deep within 
the organ. When the tumor arises in the meninges mcningcid thicken- 
ing by tubercular deposits is quite common. In a few cases the cranial 
bones have been erodetl in the growth of the tumor. Tubercular tumors 
are sometimes found in the brain after death when no cerebral symp- 
toms have been present during life.* 

The important facts to be considered in making the diagnosis of 

* Edinburgh Hospital Reports, vol. i., p. 420. 
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tubercular tumors are (a) hereditary tendencies of the individual to 
tuberculosis ; (6) exposure to such influences as are known to favor the 
development of the disease ; (c) tlie history of symptoms of primary 
pulmonary, or intestinal, or joint, or glandular affections, and (d) the 
presence of local signs or general evi«lences of tubercular infection. 


Fio. 236. 



Section through cerebnini, showing a largo tubercular tumor with thick capsule and granular contents 
lying beneath the cortex In the centrum ovale of the frontal lobe. 

When cerebral symptoms develop in an individual with tubercular 
disease the possibility both of tubercular tumor and of tubercular 
meningitis should not be overlooked. 

iS'arcomatom tumors are next in frequency to tubercular. They are 
rarely secondary to sarcoma in other parts of the body, and tliey are 
only multiple when they appear in the form of melanotic nodules, which 
are rare in the brain. 

Sarcoma is usually encapsulated, round, or oval in shape, hard, 
approaching fibroma in consistency, and is easily separable from the 
brain tissue, which it compresses and indents more frequently than it 
infiltrates. Fig. 236 shows a sarcoma lying on one hemisphere of 
the cerebellum and Fig. 236 shows a sarcoma lying upon the base 
between the cerebellum and the pons. The relation of this tumor to 
the brain and the skull is shown in Fig. 238, which demonstrates the 
difficulty of reaching tumors of tlie cerelellum at an operation.' 

'American Journal of the Medical Sciences, April, 1893. 
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Round-cell and spindle-cell sarcomata are more frequently met with 
than rayxosarcomiita or gliosart;omata. These tumors grow rapidly 
and produce well-marketl symptoms which do not vary very greatly in 


Fiu. 236. 



^arcoma^ cncat>aulated, with pedicle attached t<> the dura, lying in the i>o9terlor cranial fossa, 
and compressing the left hcrais]>here of tho cerehclluin. 

their intensity. They are not vasciular, and hentse tlie occnirrencc of 
apoplectic attacks during their growth is infreejuent. It is not to 1 k! 
forgotten that a sarcomatous deposit in the meninges may occur, pro- 


Fio. a"?. 



Sarcoma, encapsulated, lying on tho base of the brain and compressing the right side of the 
pons and right homisphero of the cerebellum* 

ducing a thick layer of new tissue over an extensive surface of the 
cortex or base, and in such a case operative treatment is necessarily 
unsuccessful.^ Occasionally a sarcoma has no defined limits, and 

* Eskridge, Jonmsl of the American Medical Amociation, September 30, 1893. 
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infiltrates the tissue of* tlie brain. Hence, san;nma is not uniformly 
favorable for opnition. 

P'roni the study of Table XIII. it is evident that sarcioma may be 
found in any [mrt of the brain, but it is more frequent in the cortex and in 


Fio. m 



The situetlan of a tumor at the haw of the oerabelluin, shown on a Fraaer photograph. 
The difficulty of removal Is evident ftom ita deep rituatlon. 


the cerebellum than in any other localities. It is the form of tumor 
most easily extracted from the skull, and the majority of the successful 
citBfit'of removal of brain tumor have l)een sarcomata. 
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(r/iomatoun tumors come third in the list. This tumor is a product 
of the neuroglia aud presents the appearance of a (ionnective tissue 
fibrillary network containing a greater or less number of lai’ge branch- 
ing cells and many small nucleated cells. 

Glioma of the brain is usually primary, but occasionally may develop 
secondarily to glioma of the retina. 

Gliomata vary in density, but arc usually softer than Kircomata, and 
are rarely well defined or separable from the brain tissue, even those 
which appear to have a definite limit being found, on microscopic 
stndy, to be 8urroun<led by a zone of glioraatous infiltration in the 
brain. The usual consistency of a glioma is about that of the brain 
substance. There is a tendency in all gliomatous tissues to uudei^ 


Fio. m 



Glloms of the upper parietal lobule with InSltratlon of brain tlnuc and hemorrhaKe. (Larkin.) 


fatty degeneration, to break down and liquefy, so that cavities filled 
wth clear fluid of a straw color or more sharply-definetl cysts are very 
frequently found in and about a gliomatous tumor, and, in fact, some 
authors have maintained that all cysts found in the brain, not the 
relics of previous hemorrhages or of embolic softening, are due to 
gliomatous formations. A similar tendency to the formation of cavities 
within gliomatous tissue is manifested in the spinal cord in the disease 
syringomyelia. 

Glioma may appear in any part of the brain, but is somewhat more 
frequent in the white substance of the brain than in the gray matter. 
As a glioma grows it destroys the brain tissue, its branching cells sur- 
rounding and annihilating both nerve cells and nerve fibres. It does 
not compress the brain as a sarcoma docs. 

Glioma is very vascular, and hence the symptoms which it produces 
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are somewhat variable in intensity, and, in case the delicate vessels 
within it rupture, apoplectiform attacks occur. 

Gliosarconia is a variety of tumor not very frequent, partaking of 
tlic natnre both of glioma and of sarcoma, commonly accompanied by 

Fig. 240. 



A glioma of the pons and medulla infiltrating the tlssties, but not dcstFoylng the tracts. 

The symptoms were chiefly cereliellar. 

(systic cavities. Like glioma the tumor cells are infiltrated through 
the brain tissues ; but like sarcoma, its constituents are spindle and 
round cells, and its density is considerable. It is rarely eutsipsulatcd, 
and, like glioma, is much more dilHcult of removal than sarcoma. 


Fia. 241. 



OlIiMareoma of Uontal lobe, and corpn. caHomim. (Fniaela) 


It ia questionable whether the origin of a gliosarcoma is the devel- 
opment. of sarcomatous cells infiltrating the brain, and causing an 
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irritation and proliferation of the neuroglia, or whether there is a devel- 
opment of hard, round connective tissue elements, sarcomatous in 
character, in the midst of the original glioma. 

The symptoms are more cdosely like those of glioma than of sarcoma, 
the same variability of intensity being observed. 

Chreinomt of the brain is usually sewiudary to cannnonui in other 
parts of the body, either of the orbit or retina, or of the iutcrnal organs 
or of the breast. 

Carcinoma is a variety seldom found in children, and usually de- 
velops in adults above the iige of fifty years. In cases in which it has 
occurred in children it has been from direct extension of tlie disesase 
from the orbit. It msiy occur as the prinuiry development of carci- 
noma in the body, giving rise to secondary infection elsewhere, but 
this also is rare. 

Carcinoma grows rapidly in the brain, is not sharjily defined, rarely 
has a capsule, is dccid^ly vascular, and, of all brain tumors, the one 
least open to operative treatment. 

(Jyatie tumors of the brain may arise either in connection with glioma 
and gliosareoma, as alreaily described, or independently, iis the result 
of parasitic infection. Hydatid cysts, echinococcus, and cysticercusare 
much more frequently recorded in German and Austmiian nunlicsil 
jounials than in this muutry. 

Kuchenracister hsis imide a collection of 88 cas<!s of this variety, in 
all but 13 of which multiple cysts wore found. Of these 45) involved 
the membranes, 41 were in the cortex, 11) in the white substance, 1!) 
in the cerebellum, 18 in the ventricles, 17 in the basal gitnglia, and a 
few in the corpora quadrigemiua, {nuis, and ine<lulla. These are not 
includ(Mi in the tables, as it would give an appearance of undue fre- 
quency of this form of tumor. These |)arivsitic cysts grow slowly and 
produce compression of the brain tissue, but do not destroy it. The 
symptoms which they produce are very rarely so well nuirked as to 
enable a diagnosis to l» reached, but in ciis(!S in which a diiignosis is 
possible these tumors may be easily removed, as the cyst wall is sc;par- 
able from the brain tissue. Several such cysts have been removed in 
Germany. 

Gummnkt of the brain, though very rare in childhood, and never the 
result of inherited syphilis, arc very frtiquent in adult life, and may 
develop within a year of the original infection. They may also appear 
as the only apparent evidence of tertiary syphilis, even twenty years 
after the <liscase was acquired. 

Gumma may occur as a soft gelatinous exudation upon the base of 
the brain, its favorite position, or anywhere in tlie membranes, or as a 
harder and more circumscribed tumor in the meninges, especially of the 
cortex and cerebellum. It grows rapidly, but also subsides rapidly 
under specific treatment. In one case under my care, where many 
symptoms, including double optic neuritis, were present, the patient 
was perfectly well in nine months. The occurrence of nocturnal head- 
ache and insomnia of an obstinate character in any case presenting the 
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symptoms of brain tumor will suggest the probability of a gumma, and, 
in fact, in every case in which the diagnosis of brain tumor is made it 
is well to subject the patient to a course of treatment by mercury and 
iodide for a period of at least two months, in order to eliminate the pos- 
sibility of gumma. Yet it must not be hastily argued that the subsi- 
dence of symptoms under this tretitment is ptisitive evidence that the 
tumor is syphilitic. In a case under my observation, which autopsy 
p«)ved to be a small sarcoma with a lai^ cyst, the wall of which was 
sar(;omatous tissue, all symptoms, including optic neuritis, subsided 
under this treatment, and the patient remained well for a period of five 
months, and then sudden death in c;oma occurred unexpectedly. 

Other varieties of brain tumor, such as fibroma, angioma, myxoma, 
psammoma, osteoma, cholesteatoma, lipoma, teratoma, which o<!cnr in the 
brain, are of great rarity. They occur both in children and in adults, 
and their diagnosis cannot be made from other forms of tumor during life. 

Psammoma is usually the form of tumor occurring in the situation 
of the pineal glaud, and gives rise to symptoms similar to those pro- 
duced by tumors of the corpora quadrigemina. 

Tumors of the pituitary body are not uncommon, and are usually of 
the nature of fibroma or myxoma. It is maintained by some tliat the 
disease acromegalia is the result of such tumors. It is not true, how- 
ever, that a tumor of the pituitary body always produces symptoms of 
acromegiilia, and in one case of acromegalia under my observation the 
autopsy failed to show any change in the pituibiry body. 

Tlio appCiinince of a brain in which a tumor lias developed is usually 
cliaractcristic. The membranes are tense, the convolutions are flat- 
tened by pressure, the ventricles are distended by serous fluid, the brain 
tissue is wet, the weight of the brain is incresisc^, and frequently about 
the tumor tliere is a zone of softening of greater or less extent, actiord- 
ing to the variety of the tumor. Encapsulated tumors are less likely 
to be surrounded by a softened tissue. 

Intracranial aneurisms present the same features as tumor of the 
brain. They are rarely large in size, they appear upon the larger 
arteries at the base of the brain and upon the Sylvian arteries. They 
are usually fusiform, occasionally round. They increase in size more 
rapidly than ordinary brain tumors, or than aneurisms elsewhere, and 
usually rupture before attaining any great size. They protlnc-o symp- 
toms by their pressure and are occiisionally to be diagnosticated by 
pulsating headache or the sensation which they produce, or by a dis- 
tinct murmur audible to the stethoscope on the head. Such a murmur 
is not, however, pathognomonic, as I have heard such a loud double 
murmur over the Sylvian region in a case which proved at the opera- 
tion to be one of extensive softening — no aneurism being found.* In 
two cases, one of which is shown iu Fig. 242, the rupture of the 
aneurism caused sudden death, but the aneurism had not produced any 
syra^oms duriug life. In a citse rceently seen at St. Luke’s Hospital 
the' aneurism developetl rapidly after a blow on the head, producing, 
fi|;st, third *ncrve paralysis, and one month later right hemiplegia. The 
' * Starr, Brain Surgery, Gise xix. 
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patient died three montiia after the injury, having had all the general 
symptoms of brain tumor. An aneurism of tlie left internal carotid 
artery at the point of union with the jmsterior communicating artery 
was found, which had rupturtKl. As tlic arteries were not tliseasetl, 
it seemeil probable that the bruise of the artery agitinst the bone at 
the time of the injury had weakened the wall and prc'disimsed to 
aneurism. 

Fig. 242. 



Aneurism of the basilar artery. (Larkin.) 

Symptoms. — While the symptoms of brain tumor are in many 
cases very clear and characteristic, so that there need be little doubt 
in regard to the diagnosis, both of the cxi.stencc of a tuimir, of its 
nature, and of its location, it must be stated tliat there are otlier cases 
in which no characteristic symptoms appear at all. 

Numerous cases have been recowlcd in which large tumors have 
been found unexpectedly after death, even in locations in the brain in 
which the existence of a tumor would presumably have produced very 
marked symptoms. Thus, in one case under my observation, a large 
glioma occupied the entire white substance of the frontal lobe upon the 

‘ Beadles, Brain, 1907, p. 285, ha.4 analyzed 555 cases of intracranial aneurism. 

37 
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left side, yet the patient had suffered only from occasional attacks of 
epileptic convulsions, not preceded by an aura, and never unilateral, 
was as intelligent as ever up to the time of his death, though his family 
had noticed some irritability of temper at times, and on this account 
hiul occasionally questioned his responsibility for certain peculiarities. 
This man was under observation by most competent physicians for 
several years, and was supposed to have epilepsy. His eyes were ex- 
amined and found to be normal within a few weeks of his sudden 
death, which took place in a convulsion. He had never had the ordi- 
nary symptoms of a brain tumor. Schoenthal * has recorded a Ciise of 
supposed hysteria in which the variability of the symptoms was surpris- 
ing, and in which careful examination failed to reveal any permanent 
or tangible physical signs. After death a lai^e tumor of the right 
frontal lol)e was found. Mayer* has collected several snch cases. 
Buzzard has recorded similar cases. Bramwell* has des(;ribcd an 
enormous tumor lying in the central region upon the cortex of the 
right side in which there were no symptoms of paralysis whatever. 
And many tumors have been found in and about the cerebellum 
which have failed to pnxluce the ordinary symptoms of brain tumor. 

Tumors upon the base of the brain may also be found involving 
structures which, during life, appear to have been capable of carrju'ng 
on their ordinary functions. Thus a child under my obst*rvatiou 
suffered for five months from occasional convulsions, from headache, 
from spastic paraplegia, but had no difficulty whatever of vision, and 
no paralysis of the cranial nerves. The autopsy showed a large 
tumor ujH)n the base in the median line, through which both the optic 
nerves piisscd and in which the optic chiasm lay. It must have rested 
upon all the motor nerves of tlic eyes and compressed the fifth nerve 
on both sides. This tumor had gn)wn upward, filling both the lateral 
ventricles and obliterating the third ventricle entirely.* 243.) 

I have seen a tumor of the medulla oblongata, an infiltrating glioma, 
which produced an apparent uniform increase in size of the entire 
minlulla to double its ordinary dimensions, but in which there M'cre 
absolutely no signs of any disease of either cranial nerves or tracts 
passing through this important part of the nervous system. The 
pitient had hc^aches, slight optic neuritis, occasional convulsions, and 
a slightly staggering gidt, which led to tlie diagnosis of tumor of the 
cerebellum. (See Fig. 240.) 

It is thus evident tliat tumors in the various parts of the brain sub- 
stance may develop and assunic a considerable size without protlucing 
characteristic symptoms either of a local or of a general type. Such 
cases, however, are rare, and the careful observer will usually be able ' 
to diagnosticate a brain tumor. 

The symptoms of brain tumor are very numerous, but for purposes 
of convenience may be separated into two cate^ries. 

* Berliner klin. Woch., 18dl, Ko. 10. See also 'Williams, Lancet, October 14, 189.8. 

*E. Maye^ Inaug. Dissert., Berlin, 1891. 

'IiitTacnunal Tumors, p. 1^ 

* Transactions Amer. lieuroL Assoc., 1891, Starr, Brain Tumor. 
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I. General symptoms due to ^le existentfe of a new-growth irre- 
spective of its position. These are hesidache, general convulsions, 
double optic neuritis, aud optic atropliy, changes of disposition and of 
mental power, vomiting, vertigo, insomnia, changes in the pulse rate, 
attacks of syncope, polyuria, and progressive malnutrition. 

II. Focal symptoms of the disease in the cortex of the brain or 
beneath the cortex in the projection tracts which join the cortex to the 
various subcortical centres. These symptoms are unilateral s[)asms, 
monoplegia, or hemiplegia, pancsthesia or anaesthesia in one or more 
limbs, hemianopsia, and the various forms of apluisia. Adectious of 
the cranial nerves and basal parts of the brain, which o<;cur with tumors 
in the basal ganglia aud certibral axis, or external t4) the brain u}x)u 
the base. These latter symptoms are frequently very complex, as may 


Fio. 243. 



Sarcoma of base separating the crura and aurrtiunding the optic chiasm and greatly' stretching the 
optic nerves. The exit of the optic nerves from the tumor Is Indicated by the white dots. 


be supposed, when it is n^membered that the twelve cranial nerves 
have extensive nuclei of origin and a long course, and that all con- 
nection between the external world and the brain passes through the 
cerebral axis. 

In the vast majority of cases of brain tumors we find some of these 
general and focal symptoms present. And from their combination 
and the order of their development it is usually possible to arrive at a 
definite diagnosis. These symptoms must, therefore, be studied with 
care. 

I. General symptoms occur irrespective of the lociition of the tumor 
and depend upon its rapidity of growth, its vascularity, and its patho- 
logical character. They vary in severity from time to time probably 
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in accordance with the activity of the pathological process going on in 
and about the tumor and with the condition of blood supply in the 
braiu. When a tumor is growing rapidly they are very severe ; 
if it remain stationary they may almost disappear. They arc often 
affected by those agents which produce a tem^wrary cerebral hyper- 
semia or antemia, as is proved by the fact that hot foot baths or 
general hot baths may produce marked cliaugcs in the degree of general 
symptoms. 

Headache is the most prominent and constant symptom of brain 
tumor. It varies in s«iverity, but is usually very intense. It may bts 
intermittent, it may recur with j)erio<lieity, is usually worse at night 
in syphilitic cases, worse on waking in other cases, is increase<l by 
physical effort or mental strain, or emotional excitement. It may Imj 
a dull, heavy, continuous psiin, with sharp paroxysms, during which 
the patient cannot control his suffering. It varies in its location, is 
usually frontal or oc;cipital, and tlic situation of the piin rarely indi- 
cates the situation of the tumor. If, however, the pain is constontly 
located in the oecipital region the tumor is prolmbly in the posterior 
fossa. The pain is often assocuated with indefinite cerebral semsations 
descrilHid as fulness, pressure, cemfusion, tightness, as if a band were 
drawn about the forehead, and these give rise to great discwimfort. In 
infants the existence of headache may be inferred from constant motion 
of the head, from movements of the hands grasping the head, or pull- 
ing the hair, and from sudden outbursts of screaming without other 
as(!ertainable cause. Headache is probably less severely felt in cases 
of tumor in infants, as the opeming of the sutures may prevent the 
extreme degree of intracranial pressure to which the headache is chiefly 
asciribed. In adults the headacihe prevents the patient from making 
any physical or mental exertion, and leads to a desire for sciclusion and 
quiet. 

The causes which are supposed to produce the headache are the 
increase of the intracranial pressure and the consequent stretching of 
the membranes ; the existence of effusion into the ventricles, which is 
a frequent accompaniment of a tumor ; the variations in the cerebral 
circulation produced by the pressure of the tumor, or the direct involve- 
ment of the sensitive dura mater and branches of the fifth nerve. Such 
effects of the presence of a tumor are nuire likely to follow when the 
new-growth is in the jmsterior cranial fossa under the tentorium cere- 
bclli, and in such cases headache is most constant and most severe. 

The headache is often associated with a marked tenderness of the 
head to percussion, and if this is not due to sensitiveness of a single 
nerv’e trunk it is a very valuable sign of the location of a tumor. Such 
a tenderness to percussion is more commonly found in tumors lying 
just beneath the bone, that is cortical tumors, than in tumors deep 
within the brain. It has been asserted that a flatness to ausculatory 
percussion can be detected over a tumor, and I am able to confirm 
this statement, having noticed it in several cases. It is not always 
present. 
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General Convulsions are the next most frequeut symptom of bniin 
tumor. They are particularly liable to occur as an etirly symptom in 
children, but may also be the first symptom of tumor iu adults. Thus, 


Fig. 244. 



Situation of a tumor, ihown in a photograph (Tom Fraser’s Guide to Oretral Operalimu. The size 
is in exact ratio. The tumor was removed by McBumey, This figure dcmonstiales the relation of the 
conTolntions of the cerebrum and the cerebeiluiu to the head and the exits of the cranial nerves. 

in a patient of mine from whom McBurney removed a lai^ sarcoma 
of the frontal lobe, the first symptom was a general convulsion which 
occurred two months before the heatlache began, and was never 
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repeated during the three years’ course of the disease.* (See Fig. 244.) 
In another patient under my care, who subsequently developed all the 
general symptoms of brain tumor, general convulsions occurred at in- 
tervals during three months before any other symptom appeared. A 
case diagnosticated as epilepsy has already been mentioned. 

It is not uncommon to find cjuvulsious occurring at irregular inter- 
vals from the onset of the distiase to its termination. They usually 
occur at long intervals, but have been known to be as frequent as 
twenty to thirty a day. Tliey may be slight in degree, almost of the 
nature of petit mal, with a sudden loss of onsciousness, or this loss of 
consciousness may be atteude<l by a little twihtliing of the fa<!e and eyes, 
with stiiTcning of the back and extremitic.s, balancing movements of an 
automatic kind, which prevent falling, and then recovery, or they may 
have all the general characteristics of a general epileptic seizure fol- 
lowed by coma. Sometimes a peculiar general tremor follows the 
attack and may last for an hour or more. 

General convulsions may be a culmination of a local spasm ; hence, 
M-herever a convulsion occ-urs psxrticular attention is to be called to the 
nainner of its Ixeginning, and tlu* patient is to be carefully observed 
and instructed to wateh for a conscious aura. The significance of 
locsd spasms will be discussts.! in the next section. 

Convulsions arc usually indi(!ative of rapid progrt?ss in the new- 
growth, of effusion into the ventricles, of hemorrhage within the tumor 
or of a secondary aficction of the meninges. They may occur from 
tumors situated anywhen*, and have no significance as a diagnostic 
symptom of the location. Death not infrequently o(«urs in convul- 
sions in brain tumor, and hence a development or rapid increase of this 
symptom is a sign of danger. 

Changes of Disposition and of Mental Power occur in the course of 
brain tumor with considerable frtiqucncy.* These have sometimes been 
explainefl by the existence of headache, the suffering producing mental 
exiiaustion. But they are also observed quite uniformly with tumors 
of the brain, even when headache is not severe. In children this symp- 
tom is quite noticeable, the child becomes fretful and irritable, refuses 
to notice its toys or to play, or, if it does so, soon becomes wearied, and 
requires constant attention. It may become indifferent to things in 
wliixJi it was formerly interested, prefer to lie down and to keep quiet, 
in a manner unnatural to a healthy child, and may even become som- 
nolent and lethargic, or it may have apparent attacks of causeless ter- 
ror. In adults the mental duluess is very noticeable. The patient 
takes little interest in his ordinary surroundings or business, and is 
content to sit or lie for hours doing nothing and apparently with a 
vacant mind. Such a patient is easily aroused and replies intelligently 
to questions, but cannot be consider^ in a normal state of mental 
activity. On the other hand, such a patient is not demented, altliough 
late in the course of the disease a condition approaching dementia is 

* See American Journal of the Medical Sciences, January, 1893. 

’Schuster, Btychische Storungen bei Himtumoren, Stut^iart, 1902. 
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quite often, observed, especially in tumors of the frontal lol)e8. Attacks 
of maniacal excitement have been recorded, but are very rare. The 
usual mental state present in brain tumor, after it htis existed for a 
period of six months may be described as one of apathy. These symp- 
toms are probably referable to the increased intracranial pressure and 
consequent compression of the bmin, which interferes with the proc- 
esses of association upon which all thought depends. The tumor ap- 
pears by its pressure to hammier the transmission of impulses tliroughout 
the brain. Somnolence may be associated with this ajMithy. In the 
case of a tumor of the frontal lobes and corpus collosum ' mcntehqmthy 
was the chief symptom from beginning to end. (See Fig. 241.) 

Double Optic Neuritis and Optic Nerve Atropby arc very iinportiuit 
diagnostic symptoms of intracninial tumor. Neuritis is usually asso- 
ciated witli other signs of increased intracninial pressurc, but may occur 
ivithout sucli pressure. It is prt»sent in 80 per cent, of the ciisi's and 
should be looked for in every case which presents cerebnil symptoms. 
A marked degree of optic neuritis may exist without any impairment 
of vision ; hence, the ophthalmoscojie should be used, whether the 
defect of sight be present or not. But when the patient shows impair- 
ment of visual power or limitation of the visual field for colors or for 
light, or is becoming blind, it will be found that optic neuritis or optic 
atrophy is fully developeil. Smlden loss of vision aiqiciirs to be more 
commonly notixl in histiiries of children’s cases tlian in those of adults, 
possibly becausti a gradual loss of sight is not detected. It is true that 
hyilroeephalus may cause choked discs, and hence from this symptom 
alone a tumor cannot be diagnosticated. But in cases wlieixf the diiig- 
nosis is difficult no more important objective evidence of brain tumor 
can be found. 

Tumors of the cerebellum and corpora quadrigemina and tumors 
upon the base of the brain and in the bassil ganglia produce optic 
neuritis more constantly and earlier in their course than tumors 
8ituat(!d in the cortex or centrum ovule. Tumors within the pons 
itself are less liable to cause optic neuritis than those outside of the 
jxms on the base. Optic neuritis is usually double, though it always 
appears firet in one eye, ami is rarely equally intense in both eyes ; but 
in a few oases it has lieen found in one eye only, and then is thought 
to indicate disease of the nerve in the orbit or in front of the optic 
chiasm, rather than a distant tumor. For the exact changes in the 
retina and for the pathological causes of optic neuritis the reader is 
referred to Chapter XXXV.‘ 

Vomiting is a symptom of brain tumor more frequently observed in 
children than in adults. It may or may not be accomjMinieil by 
nausea. It may occur accidentally,' without special relation to the time 
of meals, or it may be so continuous as to tliresiten inanition. It 
occum not infrequently on any movement of the head after the jmtient 
has been confineil to bed for some time, and then it is usually associated 
with vertigo. It also frequently accompanies severe headache. 

’ K. G. Francis, American Journal of the Medical Science, June, 1896. 

’See especially Knies, The Eye in General Diseases, William W'ood & Co., 1896. 
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Vertigo is sometimes a coincident symptom, but usually occurs inde- 
pendently of vomiting. The patient feels dizzy, feels himself turning 
or falling, and tilings about him ap|iear to be in motion. He grasps at 
near objects for support, covers his eyes witli his hands or lies down on 
the floor and cries out witli bewilderment and distress. Like vomit- 
ing, vertigo may be excited by clianges of position. It occurs at 
intervals in attacks of short or long duration. It occurs more fre- 
quently with tumors in tlie posterior fossa, in the cerebellum, or pons, 
or on the base involving the auditory nerve, tlian with tumors else- 
where. Such attacks of vertigo are not to be confounded with the 
slight constant vertigo due to double vision, and secondary to paresis 
of the third and sixth nerves. 

Insomnia may lie due to disturbances of the cerebral circulation or to 
the intensity of the other general symptoms, and is much more rarely 
complained of in cases of tumor in children and youth than in adults 
suficriug from syphilitic tumors. 

Fever and Changes in the Sapidity and Shythm of the Pulse have been 
observed in the course of brain tumors. The former is ascribed to 
inflammatory changes in tlie brain or meninges as a complication. 
The latter is regarded as evidence of increased intracranial pressure. 
Slow and irr^ular pulse is tlie form usually noted, but toward the 
close of life very rapid pulse has been observed. Irregular or Cheyne- 
Stokes respiration has also been noticed as a terminal symptom. 

Occasionally attacks of syncope occur in patients with tumor of the 
posterior fossa, and a general feeling of weakness is not infrequently 
oximplained of. Polyuria and glycosuria may develop in tlie course of 
brain tumor* as a symptom of increased pressure. It has been found 
also in small tumors of the medulla ^ as an evidence of irritation of 
the vagus nucleus. 

A rise of temperature in the sailp over the tumor has been observed 
in a few cases, but is not a uniform or reliable symptom of brain 
tumor. 

A unilateral thickening of the cranial Ixines including the face has 
been observed in a few cases where the tumor grew from the dura. 

The combination of several of these general symptoms in any ca^ 
should lead to a strong suspicion of intracranial tumor. When, in 
addition, local symptoms arc added, the. diagnosis should not be diffi- 
cult. In all eases the onset of the general symptoms is gnulual, their 
intensity increasing as time goes on, and a careful study of their mode 
of development and progress is a great aid in the diagnosis of the kind 
of tumor present, of its size) and of the rapidity of its growth. 

The distress produced by tlie general symptoms is usually much 
greater than that caused by the local symptoms, and consequently treat- 
ment is often required for their alleviation. 

The Focal Symptoms of brain tumor depend entirely upon the situa- 
tion of the tumor. 

A distinction is made between direct and indirect focal symptoms, 

‘Kothmann, Zeitachrift f. klin. Med., 1893, zziii., p. 339. 

*De Jonge, Arch. f. Piiyclt., xiiL, p. 658. 
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the first bciug due to irritation or destruction of a limited area by the 
tumor, the second being due to iuterfcnniee with tiie function of an 
area by disease at a distance from it which impairs its cinuilation or 
causes pressure ujM)n it. Thus, a tumor of the cerebellum may cmise 
incoordination and vertigo as direct symptoms, and also caus(^! pamlysis 
of the sixth and seventh cranial nerves as an indirect symptom of <lis- 
placemeut of the pons Varolii to one side, which stretches tliese nerves 
unduly. Tumors usmilly cause both forms of focal symptoms, and, 
therefore, much care must be given to tlie question of their significance 
in any ease. 

Focal symptoms may further be divided brotidly into two classc's, 
those produced by tumors in the cortex and cei’cbral hemispheres and 
those produced by tumors upon the base of the brain ailecting the 
cranial nerves. Reference may 1x5 mtwle to the prec5ediug (5hu})tor upon 
the diagnosis of brain diseases fur a special consideration of tliese vari- 
ous symptoms. With the anatomy of the brain in mind it is not diffi- 
cult to understand the various local symptoms that may arise from the 
existence of brain tumor in different localities. It should be n5mcin- 
bered, however, that a tumor of very slow growth, which compresses 
and iloes not infiltrate the brain may exist in any location without 
necessarily proilucing focal symptoms, until it has attained a e/msider- 
able size. It is evident that a single tumor rarely, if ever, produces 
a large number of fixsal symptoms but that all tumora lying in any 
given location will produce the siime symptoms. It is also tsvident 
tliat tumors will almost always produce unilateral symptoms, inasmuch 
as they rarely lie exactly in the median line. And even the tumors of 
the corpus callosum, of which about twenty have been recorded, have 
rarely been so exactly median in their situation as to give rise to sym- 
metrical symptoms u^xin both sides. 

The focal symptoms usually commence gradually and are limited in 
extent, but increase steadily as the tumor grows. 

The Focal Symptoms of Tumors of the Frontal Oortex may 1x3 
enumerated as follows : menbil imictivity, forgetfulness, lack of judg- 
ment, decided change in character, irritability of temper and unusual 
stupidity, an inability to concentrate the attention, to think connectedly 
and continuously, to learn easily, to exercise self-control, lastly a state 
approaching mild dementia without delusions, in which the piiticnt 
may become dirty and disregard all restraints of decency. These symp- 
toms are especially marked in tumors of tlie frontal cortex an<l subjacent 
white matter.* They are not present in tumors lying upon the base of 
the frontal region on the orbitol bone. They rarely appear in tumors 
in other regions of the cortex until the last stage of the disease, when 
the intracranial pressure is very great. A decided change in character 
and disposition, a mental apathy, and a tendency to somnolence must 
be regarded as a local sign of frontal lobe disease. While the integrity 
of the frontal lobes is necessary to mental action, yet no special loss of 
any mental faculty can be said to result from their destruction. Nor 
is there any apparent way to detect from the mental symptoms in which 
* Ferricr, Lancet, June 4, 1892. 



'586 


TUMORS OF THE BRAIN. 


hemisphere of the brain the tumor lies. It is true that much of our 
thought is dependent upon the integrity of our speech centres, and 
hence the lesions of the left hemisphere, if they interfere witli the use 
of language, or even of the recollection of words, appear to give rise 
to mental confusion, which is not so noticeable in lesions of the right 
hemisphere. But it is not possible to locate all mental action, as has 
l)een <loue by Phelps,* in the left frontal lobe. A consideration of the 
facts known regarding the wide dissemination of memory pictures over 
the entii'c hemisphere, and their fundamental importance in all think- 
ing is sufficient to prove that mental activity is not a function of any 
one rtigiou of the brain. (See page l*‘h).) The diagnosis of tumor of 
the frontal lolxis is, therefore, rarely made from a study of direct focal 
symptoms. It is to be remembered, however, tliat a tumor when 
situated in other regions of the cerebral hemispheres, excepting only 
the temporo-sphenoidal lobes, will produce other direct focal symp- 
toms, the absence of which may lead to the suspicion that a tumor is 
situated in the frontal loin;. 

Tumors in the frontal lobe frequently produce irritation of the cor- 
tex. While such irritation is limited to the frontal cortex we have no 
evidence of its occurrence, but there is a tendency for irritation start- 
ing in one part of the brain to radiate outward to adjacent parts, like 
the ripple uiK>n a lake when a stone is thrown in. When irritation 
starts from the frontal region it frequently appears to radiate backward, 
and thus involve the central region of the brain, and under these cir- 
cumstances symptoms referable to the central region appear, namely, 
localiziKl spsisins, piraesthesia, and piralysis,* on the opposite side. 
Stewart has noticeil a loss of the superficial abdominal reflex, and a 
marked tremor of the limbs on the Same side us tlie tumor. 

Bruns* has recently recorded three cases of frontal tumor in which 
there had been some disturbance in the balancing power and a stagger- 
ing gait similar to that observed in cerebellar disease; but this symp- 
tom has not been uniformly noticed. It is known tliat the frontal 
lolics and cerebellar hemispheres have a crossed connection, and it is 
possible that this symptom may prove of some diagnostic value if con- 
firmed. It may have been due to an irritation of the cerebellum con- 
veyed along these connecting tracts. 

Tumors situated in the third frontal convolution of the left hemi- 
sphere in right-handed persons and of the right hemisphere in left- 
handed persons protluce motor aphasia witli agraphia,'the patient being 
able to understand language both written and spoken, but being unable 
to give expression to his ideas. When this symptom develops as the 
result of brain tumor the disturbance of speech is gradual in its onset, 
the patient noticing first a hesitancy in speech, a loss of words, and 
jwssibly a misuse of words before he loses the power of expression. 
The aphasia is less complete in brain tumor than in those apoplectic 
conditions which are the common cause of aphasia. 

' American Journal of the Medical Sciences, April, 1902. 

* *See a case of my own, Shown in Fig. 239. 

* Deutsche mcdicinische Wochenschrift, 1892, p, 138. 
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Tumors Involving the Motor Area of the brain fjive rise to well-marked 
and <listinctive symptoms. The siK'cial functions of the motor area 
are displayed in Figs. 34 and 35, and the symptoms that arc pro- 
duced by a tumor beginning in any portion of this area are easily 
deduced from reference to these figures. If the tumor is corticid in 
its situation is almost inevitably gives rise to local symptoms; these 
may Ixs in the form of tonic or (douic convulsions, occurring at inter- 
vals, either limited to one part of the iKsly, such iis the face, or hand, 
or foot, or extending from the part first invaded to other parts in a 
definite order of succession, the extension being commonly from face 
to arm, to body, and then to log, or in the reverse order. Sucli attacks, 
first described by Hughlings Jackson, are known as atbicks of Jack- 
soniau epilejwy. If it be remembered that the irritation skirting from 
one part of the cortex and radiating outward to other parts produces a 
spasm beginning in the muscles represented in the centre first irritaksl, 
and extending to other muscles represented iu ailjiment centres, it will 
be evident that the exact order of tlie spasm aids one to determine the 
situation of the tumor, for it is evident that a spiism beginning, we will 
say, iu the thumb and extending then to the fingers, to the liand and 
up the arm to the shoulder, will indicate an initial irritation of the 
thumb eiMilre of the cortex, extending then to the centre for the fingers, 
hand, and arm. A convulsion beginning with the turning of the head 
and eyes to one side indicates a tumor situated in the anterior middle 
portion of the motor zone, and if that irritation extends from tiiis |H)int 
backward or downward the spasm will extend from heiwl and eyes to 
arm or face, respeiitively. The situation of several tumors which 
priMluced such local sjKisms is shown in Figs. 3(5 to 44, |)ages!)l to 93. 

Therefore, the point of beginning of a spasm and its order of ex- 
tension are the most important localizing symptoms of brain tumor in 
the motor area. Such a spasm is usually followed by tempoRiry 
paralysis, and as the tumor incniascs in size and the spasms iiutntasc 
in frequency and extent, the paralysis may remsiin permanent Ijctween 
the spasms. Spasms due to cortical irritation are almost invariably 
attended by numbness and tingling in the part first affected by 
spasms, so that such a tingling is o^n a valuable indication of the 
location of irritation in the cortex. This tingling may even pretiede 
the spasm, and has been termed by Seguin the “ signal symptom ” of 
a cortical irritation. When such a parsesthesia is a jiermanent symp- 
tom the tumor is more likely to be situated behind the fissure of 
Rolando than in front of it. When the irritation pnxluced by a 
tumor in tlie motor zone is very intense, the local spasm after extend- 
ing from one limb to the entire side of the body may even become 
general, be associated with loss of consciousness, and terminate as a 
general eonvulsion. While such an order of extent preceding the 
general convulsion is of great diagnostic importance, a general convul- 
sion beginning suddenly, with loss of consciousness and without any 
local spasm, is not to be regarded as indicative of disease in the motor 
area. There are cases of brain tumor in which the motor area has been 
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generally compressed and destroyed without the production of these 
local spasms, but with a progressive and increasing paralysis alone. 
It is thought that such a paralysis not associated with sjiasms indicates 
tliat the situation of the tumor is in the white matter benmth the 
cortex and not in the cortex itself, and tliat the symptoms are due to 
an invasion of the motor tnict in its passage toward the internal 
capsule. Some ataxia is commonly associated with the paralysis pro- 
dut!cd by tumors, and a marked incoordination or disturbance of the 
muscular sense, like ansssthesia, points to a situation of the tumor 
beliind the fissure of Rolando. The condition of the deep reflexes is 
altered in all cases of tumor in tlie motor area ; a marked increase in 
the tendon reflexes at the elbow, wrist, knee, and ankle is one of tlie 
early signs of paralysis. There is no atrophy in the paralyzed muscles, 
but merely a slight wasting from disuse, and there is no change in the 
elecitric reaction of the muscles. There should be no difficulty in 
diflerentiating a cerebral piralysis, even of the raonoplegic type, from 
spiiud or nerve trunk paralysis, even in infancy, because of these 
points of contrast. The careful study of the locsalizing symptoms of 
tumors of the motor region has resulted in successful localiziition of 
such tumors and in their successful removal from the brain ; in fact, 
there is no region in the brain in which a tumor is more esisily acMsess- 
ible or more poasible of early diagnosis than in the motor area. 

Tumors of the Parietal Begion, including the superior and inferior 
parietal lobules, are not uniformly attendtxl by distinctive and local 
symptoms, but in a considerable number of cases disturbances of sen- 
sation and of muscular sense in the limbs of tlie opposite side have 
been observed. It has been stated already that tumors in the posterior 
central convolution are more liable to produce sensory symptoms 
than those in the anterior central convolution. And it is possible that 
tumors lying in the parietal region have caused sensory symptoms by 
pressure upon the sensory tracts on tlieir way from the posterior portion 
of the internal capsule to the central region of tlie brain. If tliis is so, 
then ataxia and ansesthesia appearing in connection with a tumor of 
the parietal region would be an indirect local symptom rather than a 
result of a lesion in the sensory centres themselves. The question of 
the existence of a muscular sense as distinct from the sensory centres- 
and the motor centres has been discussed on page 104. 

The symptom of word-blindness is almost uniformly due to a lesion 
of the inferior parietal lobule in the left hemisphere in right-handed 
people and in tlie right hemisphere in left-handed people. A reference 
to Plate XL, and to the discussion of aphasia on page 134 will sliow 
the imjiortance of this symptom. 

Tumors lying in the lower half of the parietal region are necessarily 
near to the visual tract which passes outward from die internal capsule 
to the occipital lobe, ami hence, defects of vision of the form of 
bilateral homonymous hemianopsia have been recorded in connection 
with tumors in this locality. 

Tumoni of the Occipital Begion of the brain give rise to the important 
local symptom of lateral homonymous hemianopsia. (See page 1 1 7.) 
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Henschcu’s rusearohcs show that a lesion at almost any portion of 
the occipital lobe, if sufficiently deep to comprcsss tljc white imttcr of 
this region, will produce hemianopsia, and it is to be expetsted that in 
any lesion of tlie nature of a tumor in which small areas of tissue are 
not destroyed, but considerable areiis are primarily affected and iul- 
jacent regions are strongly compressed, symptoms of hemianopsia will 
Imj frequent. 

The occipital lobe is easily accessible to the surgeon, and therefore 
it is important that tumors here should be discovercMl iis esirly as 
|M)ssible. It is not generally appreciated that hemianopsia is a 
symptom otlen entirely overlooked by a patient, a (sise having lieen 
recently reported by Bleuler * in which, though well-marked hemian- 
opsia existed, the patient was entirely unaware of any visual defecit. 
It is therefore exceedingly imjiortant that the extent of the visual field 
in both eyes should l)e carefully tested in every csise of suspetjted bniin 
dis(mse, each eye being tcstc<l sepamtely. 

Tjesions of the occipital lobe are capable of prwlueing a disturban<!e 
known as blindneas of mind, in whicih the patient, though scHiing an 
object, no longer recognizes it as having been previously known. This 
is a condition allied to word-blindness, in which the patient is sud- 
denly deprived of the power of reading. This condition apfieiirs to 
more frcspient in lesions upon the left si<le of the brain in right-hande<l 
persons, and upon the right side of the brain in left-lnind^ persons. 
It may also occur when a lesion is entirely subcortical, as well jis 
when it is in the cortex of the exMapitid lobe. This symptom has been 
discusse<l in connection with aphasia (pages 11!) and 1!)4). 

Tumors of the Temporal Lobes or tumors lying upon the base of the 
cerebral hemispheres above the tentorium or upon the jxitrous portion 
of the temporal bone give rise to few rceogniziible symptoms. In a 
few snch tumors disturbance of taste and smell seem to have been 
present when tlie apex of the temporal lobe had been invaded by the 
gi-owth, and when the uncinate gyrus had Ixjcn destroyed. There are 
no known symptoms produced by disturbance of tlie linguid lobule. 

Tumors invading the first and second temporal convolution ujion the 
left side in right-handed persons and upon the right side in left-handed 
persons pnxluce the form of apliasia known as word-<lcafneas, in which 
the person is unable to recall the names of places or persons, and can- 
not understand what is said to him. They may also cause inter- 
cortical-sensory-aphasia. (See page 134.) 

It is believ^ that the first and s^nd temporal convolutions are the 
termination of the auditory tract, and that each hemisphere is related 
to both ears. Deafness of cerebral origin is, however, rare, and is not 
often observed in tumors of these convolutions. 

Tumors Lying Within the Sylvian Fissure and upon the island of Reil 
protluce numerous symptoms on account of their pressure upou adja- 
cent parts; thus, by pressing upon the thirtl frontal convolution they 
cause motor aphasia ; by invading the operculum they produce facial 

' Archly, f. Bsychiatrie, vol. xxy., p. 39. 
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paralysis ; by pressing upon the inferior parietal lobule or the superior 
temporal convolution they may produce various symptoms of sensory 
aphasia, and by direct pressure upon tlie island of ]^il and upon the 
underlying external capsule, they may cause paraphasia. If this pres- 
sure is transmitted more deeply to the internal capsule symptoms of 
tumor in this region may also be caused. 

Tumors Lying in the Median Surface of the brain, upon the gyrus 
fornicatus, gyrus mai^inalis, or upon the hypocampal convolution are 
not easily diagnosticated. Ferrier believes that in tlie latter convolu- 
tion are situated the tactile centres. The majority of physiologists 
(Munk, Horsley, Schaeffer) and of pathologists deny this, and recently 
a case of glioma of this r^ion witliout sensory symptoms has been 
reportetl by Humphrey.* Tumors in this region are of rare occur- 
rence, and no focal symptoms can be assigned to them as yet. 

Tumors of the Corpus Callosum are not at all common, only twenty 
cases being so far recorded in literature.* 

The symptoms in a majority of these cases have been chiefly general 
symptoms, viz. ; headache, vomiting, optic neuritis, epileptiform attacks, 
physical inertia, hemiparesis, and disturbance of intelligence, priiunpally 
in the form of dementia. These were the symptoms in one tasc under 
my observation. The last-named symptom is the only one that appears 
to be of constant occurrence in tliesc cases, and in many of them it has 
b(!cn preceded by symptoms quite comparable to those of hysteria. 
The majority of cases of tumor of the corpus callosum have therefore 
resembled tumor of the frontal lobes. When tumors occur in the cor- 
pus callosum they are more likely to be situated far forward about its 
knee, rather than in its thinner posterior part. (See Fig. 237.) 

Our knowledge of the function of the corpus callosum is very im- 
perfect, though it is evident from its structure that it associates the 
action of the two hemispheres. The corpus callosum has been wholly 
wanting in the brain in a few cases, and although this is occasionally 
associated with imbecility it is a condition which has been found in 
persons who presented no symptoms during life.* It is evident, there- 
fore, that tumors in this locality cannot be positively diagnosticated, and 
the situation of such tumors deep between the hemispheres forbids the 
possibility of their removal. 

Tumors of the Basal Oanglia, including the lenticular and caudate 
divisions of the corpus striatum and the optic thalamus, are not veiy 
rare. Our knowledge of the functions of these ganglia is very imjier- 
fect, and the necessaiy loss of function which must occur when they 
are destroyed by soflening cannot be detected during life. It has been 
suggested that ^ese ganglia are to be regarded as vestigial bodies, like 

'British Medical Journal, AuRuat 27, 1893. 

• Bruns, Berliner klin. Wooh., 1886, Noe. 21 and 22.' Bristow, Dis. of the Nervous 
S}^8tem, p. 271. Lutzenbe^r, Neurol. Centralb., 1890, i>. 251. Berkley, American 
Journal of the Medical Sciences, June, 1890. Oliver, University Medical Magazine, 
April, 1891. Frands and Starr, American Journal of the Medical Sciences, June, 
11195, 

' ’ Bruce, Brain, xii., p. 171. 
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the appendix vermifbrmis, without active function in man. Tumors, 
however, in this region, almost always produce pressure upon the in- 
ternal capsule through which {Hiss the most important motor and sen- 
sory tracts, and which lies between these ganglia. Hence symptoms 
of the nature of hemiplegia, hemiataxia, hemiansesthcsia, and hemian- 
opsia are observed when the tumor invades one or mure of these tracts. 
(See Fig. 62.) It may then be possible to detect the progressive 
growth of a tumor here by the succession of symptoms pnxluced, one 
tract after another being invaded by the disease. Motor symptoms 
are more common in cases of tumors of the corpora striata. Simsory 
symptoms occur in cases of tumors of the optic thalami. When a 
tumor invades the posterior part of one thalamus, hotuonymous hemi- 
anopsia is an invariable symptom. This will be easily understood by 
reference to Fig. 57. 

It has been supposed that lesions in the optic thalamus give rise to 
disturbances in the recognition of the position of the limbs of tlie op- 


Fia. 24.’). 



Sarcoma of the lea optic thalamus and Internal capsule. Cyst in the centre of the tumor. 

posite side, and that in consequence awkward positions are assumed 
and awkward movements, athetoid in character, are made (Meynert). 
This I can confirm. In the patient whose tumor of the optic thala- 
mus is shown in Fig. 245 there was noticetl a peculiar forced posture 
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of the limbs when he was at rest. The leg was thrown back and out 
with the toe pointed down, and tlie hand was held up above and in 
front of the head. This symptom persisted for many weeks until total 
hemiplegia gradually develo{)cd. It has also been affirmed that a 
tremor quite similar to that of multiple sclemsis may l)e caused by a 
tumor of the thalrnus.* It lias lieen noticed that disturbances in facial 
expression and in the natunil play of facial feature in sjieech and 
thought have been noticed in patients suffering from disease of the 
optic thalamus.* The face is affected on the side opposite to the lesion 
and does not act in smiling, but can be moved voluntarily. It has 
been thought that certain inhibitory functions are exeriiiscd by the 
thalamus, and that undue emotional reactions occur when it is diseased. 
Disturbances in the body temperature have been observed in a few 
cases.* Cases arc on record to support each of these statements, yet it 
must be admitted tliat numerous negative cases, that is, tsiscs of tumor 
of the thalamus in which these symptoms are wanting, throw much 
doubt on the diagnostic significance of the effects meutiomHi.* My own 
view of tlic functions of these ganglia is that they presiile over many 
acts which arc commonly jicrformed in a purely automatic manner, for 
example, the posture of the body, the ordinary gait, the facial expres- 
sion, and probably emotional control j that these acts can, however, 1x5 
performetl voluntarily as well as automatically, and hence, when the 
automatic mechanism fails, a volitional act takes its place, which prac- 
tice soon {Kirfects, lesiving the individual quite unconscious of his defect, 
and hence causing few or no symptoms. It is, therefore — on this 
theory — clesir that tumors of tlie basal ganglia cause few recogniaible 
symptoms. 

Tumors of the Corpora Quadrigemina present symptoms of a focal 
character which are diagnostic.* These consist of a staggering gait 
similar to that seen in cerebellar disease and symptoms of paralysis or 
paresis in the muscles controlled by the ocular nerves. The coordi- 
nation in movements of the eyes, tlie reflex motions of the eyes in fol- 
lowing a light or turning toward a sound, and the jKiwer of steady 
gazing at an object are controlled by antomatic centres in the corpora 
quadrigemina. Disease here frequently produces nystagmus and in- 
terferes with these automatic movements. The symptoms are not 
referable to a disease of one third nerve alone, for tlie pupils are often 
unaffected. They are often bilateral and more nearly resemble the 
symptoms of ophthalmoplegia externa. Hence, it is possible to distin- 
guish lesions of the corpora quadrigemina from lesions in the eras 
cerebri, which cause true third nerve paralysis. The eyeballs are not 
often equally affected, one licing more paralyzed than the other ; but 
neither eyeball, as a rule, is totally paralyzed. The superior and in- 

* D. H. Cooke, Ijuicet, May 28, 1892. 

* Kirilzew, Neurol. Centralb., 1891, p. 310 ; Nothnagcl, Zeitachrift f. klin. Med., 
1889 ; Bechterew, Neurol. Centrall>., 1884, p. 102. 

•Cowan, Lancet, December," 1892 ; Lloyd, Med. News, January, 1892. 

■•Whaiton Kinkier, University M^. Mag., October, 1893. 

•Nothnagel, Brain, xii., 21 ; Hall, Meiuelbcrg Dissert., 1892. 
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ferior recti are more commouly affected than the lateral muscles. It 
is the combimition of these ocular symptoms with the reeling gait wiiich 
will lead to the diagnosis of tumor of the corpora quadrigemina when 
the other (general) symptoms of brain tumor are present. 

The focal symptoms of tumors at the base of the bruin are necessarily 
very complex. Suffice it to say that tumors lying uj^mn the base of the 
brain will ne<!cssarily compress one or more of the cranial nerves, either 
upon one side alone nr upon both sides, in mse the tumor is near the 
median line. Tlie situation of the tumor can usually be determined by 
noting the order in which the various cranial nerves are invaded from 
first to twelfth. (See Figs. 51 to 55, and 72.) The resider is also 
referred to Chapter XXXIV., for the consideration of lesions at the 
base, and to Chapter XXXV., for lesions of tlic cranial nerves. 

Tumor of the Crus Cerebri is chanuiterized by the <;umbination of 
hemiplegia of one side with third nerve paralysis of the opposite side. 
The tumor lies on the side on which the tliird nerve is atleeted. To 
this combination bilateral hemianojtsia may be added if the tumor com- 
presses the optic tract.^ 

Tumors in the Upper Part of the Pons or in the crus cerebri affect 
the third and fifth nerves, producing external strabismus, with dila- 
tation of the pupil and ptosis, and also tingling, pain and ansesthesia 
of the face with ulceration of the cornea, and sometimes grating of 
the teeth during sleep. Tumors in or near the lower half of the pons 
involve the sixth and seventh and eighth nerves, ciiusing inttunal 
strabismus with contracted pupil, paralysis of the face including 
inability to close the eyes, and deafness, with vertigo. Alternating 
hemiplegia is also produced by a lesion in this region. 

Tumors in the Medulla may disturb the action of the glossopharyn- 
geal, pncumogastric, spinal accessory, and hypoglossal nerves, pro- 
ducing difficulty in deglutition, irregular respiration, irregular pulse, 
flushing of the skin, with sweating, sometimes unilateral, projectile 
vomiting, polyuria, or glycosuria, retraction of the head or rolling of 
the head upon the pillow, and lastly, jHiralysis of the tongue, with in- 
ability to articulate distinctly or to swallow. 

When the tumor lies upon the base of the brain, it not only invjMles 
the cranial nerves, but it presses ujjon the various tnmts which traverse 
the crura, pons, and medulla. Thus it may give rise to hemiplegia or 
hemiataxia or hemianesthesia, according to the tract invelcil. These 
symptoms are easily understood by reference to Figs. 61 to 55. 

Tumors of the pons, producing pressure upon the middle peduncle 
of the cerebellum, produce a tendency to stagger in walking. The 
patient usually staggera toward the side opposite the tumor, but this 
is not an invariable rule. Tumors of the pms quite uniformly pro- 
duce a loss of the tendon reflexes at the knee. The control of the 
bladder and rectum is also frequently impaired. 

Tnmors of tbe Cerebellum are exceedingly frequent both in children 
and in adults, and present almost all of the characteristic general 

38 ' Venal, Bullet, de la Soc. Anat, PariH, Jan., 1891. 
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symptoms of brain tumor. The situation of the cereMlura held 
down in a small cavity by the tentorium cerebelli is such that a small 
growth in the posterior fossa is capiible of producing an incrciisc of 
intracranial pressure quite early in tlie course of tlie case. (See Fig. 
238.) A tumor in the imsterior fossa will also compress the fourth 
ventricle by displacing its floor or r<M)f, and as a result of such com- 
pression an accumulation of fluid in the ventricle, and subsequently in 
the lateral ventricles, is usual. Hence, symptoms appear earlu^r in 
the course of the disease in tumors about the cerebellum than in 
tumors elsewhere in the brain. Ilcadiiche, occipital or frouUil, is 
usually the first symptom, and optic neuritis appears very early in the 
course of the case. The percentage of cases having optic neuritis is 
much greater in tumors of the cerebellum than in tumors in the cerebral 
hemispheres. 

The focal symptoms of tumors of the cerebellum are qtiite char- 
acteristic. They are stu^cring in walking, sometimes atteudtHl by a 
strong tendency to sfaigger or t«) fall in a particular direction ; vertigo ; 
ccrebclhtr seizures ; abnormal positions of tlie head and Ixsly ; and 
symptoms referable to a compression or displacement or stretching of 
tlie cranial nerves lying in the posterior fossii.* 

Tumors in the middle lobe of die cerebellum uniformly pro<lu<‘e cere- 
bellar ataxia or a staggering gait. Tumors in the hemispheres of tlie 
cerebellum near to and compressing the middle lobe are attended by the 
same symptoms. So also are tumors which compress the peduncles of 
the cerebellum, especially the middle pinluncles in their wmrse to the 
pons, or the sujierior peduncles on their way toward the corpora 
quadrigemina. Tumors lying witliin the hemispheres which do not 
invaile these parts do not always produce a staggering gait. Hence, a 
diagnosis of a tumor of the cerebellum is easy when the tumor lies 
near to tlie median line, but is difficult when it lies near the surface 
in the lateral {lortion of the hemispheres. Thus in the tumor shown 
in Fig. 236 there was no staggering ; while in tlie tumor shown in 
Fig. 237 the patient staggerwl toward the left side. The early ap- 
pearance of staggering as related to the general symptonas is, there- 
fore, an important sign in favor of a cerebellar tumor, while the 
appearance of staggering many months after the development of optic 
neuritis will merely indicate that a tumor in tlie hemisphere has finally 
reached or encroached upon the middle lobe. The characteristics of 
ccreliellar ataxia are a staggering gait with steps of irregular length 
and position, the body swaying like that of a person intoxicated. The 
ataxia of the legs and of tlie body is attended by a decided sense of 
vertigo, and dees not usually persist when the patient lies down. The 
ataxia of the hand is often attended by a tremor. Stewart and Holmes * 
in a study of the vertigo in forty cases of cerebellar tumor reach the 
conclusion that in cerebellar tumors the sense of displacement of 
external objects in front of the patient is from the side of the lesion to 

'See Mills and Frazier, Nev York Medical Journal, February 11 and 18, 1905. 

’ Brain, 1904, p. 526. 
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the opposite side ; thus if the tnmor be on the left side objects seem 
to move to the right. They found that in intraccreUdlar tumors the 
sense of self-rotation is from the side of tlie lesion to the healthy side. 
But in extracerebellar tumors the sense of self-rotation is from the 
healthy side toward the side of the lesion. The sense of self-rotation 
leads to an attempt to correet the supposed position, hence the jmtient 
may roll over in bed or may stagger in one diri'ction. Sueh a uni- 
lateral staggering is not a common symptom. These chara<5teristics, 
together with the fact that the knee-jerks are often cxaggt*riited in eere- 
l)ellar tumor, will enable anyone to distinguish this disturbance of gjiit 
from that appearing in locomotor ataxia. Occasionally, however, the 
knee-jerk is lost on the side of the tumor. Cerebellar ataxia is due in 
piirt to a disturbance in the me<;hanism of c(]uilibriuin in so fur as this 
dej3ends upon impressions coming to the brain from muscles of the 
trunk and legs. The direction of staggering is not an indication of 
the side on which the tumor lies. 

Cerebellar staggering is also due to a eessation of outward impulse's 
which hold many of the body and neck muscles in proj)cr tonic t!ou- 
traction. Hence the abnormal position of the head and the sudden 
ntlaxation of the body muscles which (x:cur in eert'bellar disease. The 
head is turned back and down to the side of the tumor and is held 
very rigid on any change of posture. The sudden relaxation Ikdiinski 
has named hemiasynergia. When the middle pc<hincle of the ccra- 
bellum is invaded there are usually ('ranial nerve symptoms produecKl, 
and these are always upon the side on which the tumor lies. Hence 
the combination of the staggering toward one side Avith cranial nerve 
symptoms of the oj)posite sid«! will indicate inevitably which peduncle 
of the cerebellum is involvwl. Thus in the case shown in Fig. 2.'U5 
the diagnosis was made before death from this c(»mbination of symptoms. 

Abnormal positions of the head, a turning of the head down to the 
side of the tumor, or backward, has beem observed in many casi^s, 
probably dtie to gravitation. 

Batten* observed that a patient with a tumor of the right lobe of the 
cerebellum carried his head inclined toAvard the left shoulder and 
Mills* has seen the siime symptom. I luvA'e often stsen abnormal j)os- 
tures of the head and body with ccrclwllar tnmors but do not think 
that the direction of the head is a definite sign of the side on Avhich 
the tnmor lies. 

Tumors of the Oerebello-pontise Angle. — Tumors of this locality arc 
not uncommon. Dana® has recently (sailed attention to the frequent 
occurrence of peculiar attacks Avhieh he terms cerebellar seizures in 
cases of cerebellar tumor especially when the tumor lies in the angle 
between the cerebellum, pons and .medulla. These consist of a sudden 
loud tinnitus or roaring sound, vertigo, a tendency to fall to the ground 
or to pitch in one direction, a sudden blindness or loss of consciousness, 
and in severe attacks tonic spasms of the extensors lasting tAvo to five 
minutes. 

'Brain, Part 101 j 1903. *New York Medical Journal, February 11, 1905. 

’New York Medical Journal, February 11, 1905. 
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Tliese symptoms are probably due to implication of the auditory 
nerve on which some of tlujse tumors develop. In these cases dysphagia 
and dysarthria sometimes ap{K>ar and a spastic paraplegia worse on the 
side opposite to the tumor is present. Facial palsy develops early on 
the side of the tumor, and the corneal reflex is lost on the side of the 
tumor. Desifncss, pain in the occipital nerve, nystagmus, a limitation 
of the associated movements of the eyes toward the side of the tumor, 
a diminished faradic reaction in the facial muscles, a paresis of the sofi 
palate ami slight ataxia of the arm on the side of the tumor have been 
observwl. A few cases of successful removal of these tumors are re- 
corde<l, but their situation is so deep as to make the operation a most 
difficult one. Oppenheim has shown that a serous meningitis of the 
base may lend to very similar symptoms. 

When the superior peduncles of the cerebellum are invaded, nystag- 
mus, panilysis of the oculomotor muscles, and blindness develop. In 
fact it is impossible to diflerentiate a tumor invading the superior 
peduncles of the cerebellum from a tumor of the coriana quadrigemina. 

The early appearance of cranial nerve symptoms, such as paralysis 
of the face, deafness, tinnitus, disturlwince in swallowing, symptoms 
referable to the Viigus nerves or paralysis of one-half of the tongue, 
indicates that the tumor lies near to the medulla and pons, that is, upon 
the inferior surface of the cerebellum. The appearance of these symp- 
toms late in the disease, long after the development of optic neuritis, 
will indiciito that the growth has finally reached the inferior surface, 
or more probably that its size is so great as to have displaced the cere- 
bral axis. Such a tumor is shown in Fig. 237. 

Diagnosis. — The review of the, symptoms just described will con- 
vince the raider tliat in the majority of cases of tumor of tlie brain 
there arc sufficient evidences of the existence of disease within the 
cranial cavity, and that the gradual development and progress of tlie 
disease will enable the physician to come to the conclusion that it is of 
the nature of a tumor If in any case the symptoms which are pres- 
ent are carefully classified, the general symptoms being separated from 
the local symptoms, and the order of appearance of the local symptoms 
fully determined, it will usually be possible to reach a conclusion as to 
the situation of the tumor. The combination of local symptoms is 
sometimes as characteristic as their order of appearance and method of 
extension, as, for example, in cases of tumors of the crus or of tlie 
corjxira quadrigemina. 

It is not to lie forgotten; however, that tumors of the frontal lolies 
and tumors of the temporal lobes, especially those situated in the right 
hemisphere, ofleii fail to cause any local symptoms. The absence of 
distinct local symptoms, when general symptoms are present, will point 
to these localities as the probable position of .the susjiected tumor. 

It is not to be forgotten that many local symptoms are produced 
indirectly by pressure upon parts not far from the tumor, but yet not 
directly invaded in its growth. 
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It is also to be rememl)cretl that tumors pressing upon large vessels 
of the brain may so disturb the circulation jis to produce symptoms 
quite similar to those of thrombosis, and these symptoms may be due to 
suspcmsioti of function of a part lying at some distance fnnu the tumor. 

The <lingnosis of the variety of the tumor present can be reached 
only by careful study of the general history of the patient and by a 
consideration of those facts that have been already mentioiuHl in the 
discussion of the varieties of brain tumor. It is possible to <lctcrmine 
the question of the tubercular nature of the tumor by tulKmmlin injec- 
tions or by Calmette’s test. It is possible to establish the existence 
of gumma by lumbar punciture and the discovery of lymphocytes in 
the cerebro-spinal fluid, or by Wassermaun’s blotMl tests. 

It is therefore evident that in the diagnosis of the dis(!asc there are 
always three questions to be settled : first, the existence of a tumor ; 
secondly, its situation ; thirdly, its variety. A study of the symptoms 
will usuiilly enable the physician to reach an answer to the first two 
questions, but the answer to the last question will always nimain 
uncertain. 

The symptoms of brain abscess may be the siirac in kind as those of 
brain tumor, since both pro<luce an increase of intnicranial ]>ressure and 
a progressive destnietion of brain tissue. In their origin, mode of 
development, progress, and termination, however, there are not infnv 
quently mark^ difl'erenccs. Brain abscess develops most commonly 
after severe injuries or in conjunction with suppurative affections of the 
inner ear and of the nasid and orbital cavities, and with wiries of any 
of the crauial bones which lie in confcict with tlie membranes. These 
rarely occur prior to the development of brain tumor. The symptoms 
common to tumor and abscess may develop after a blow on the head, 
but when the condition is «mc of abscess the symptoms appciar in more 
rapid succession, with greater severity, and more fre(iucntly with fevesr 
than when the condition is that of tumor. Furthermore, the symp- 
toms of abscess, after appearing suddenly, often subside, the absticss 
becoming latent, and all symptoms disapixsiring for months or years, 
and then breaking out again with sudderdy fatal termination. This 
course contrasts markedly with that in a ciise of a tumor where a grad- 
ual progress with slowly increasing intensity of all tlie symptoms is 
found. The constant addition of new symptoms is usual in tumors, 
and a temporary remission rather than intermission of the symptoms 
is the rule when the progress is not continuous. There may also be 
some points of distinction found in the individual symptoms. Thus 
headache is more severe and paroxysmal with tumor ; optic neuritis is 
much more commonly found with tumor ; mental changes are more 
gradual and constent with tumor, and local symptoms are slower in 
onset and more apt to develop with tumor. A complication of tumor 
not infrequent is cerebral hemorrhage. Meningitis is the usual com- 
plication of abscess. Lastly, a duration of from one to two years, with 
symptoms constantly present, points directly to tumor. 

Tubercular meningitis is under certain circumstances easily mistaken 
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for cerebral tumor. This is not true of the ordinary (sises of tubercu- 
lar meningitis with acute hydrocepluilus, which develop marked symp- 
toms rapidly and terminate fatally within four or six weeks. But there 
are a number of eases of tubercular meningitis which present a chronic 
course with gradual progress, and in which the diagnosis from tuber- 
cular tumor is almost impossible. It is tnie that the symptoms often 
develop rapidly in these cases, and yet this is sometimes apparently the 
case in tumor, for, unless a patient is carefully watched, the early 
symptoms of tumor may csca{)e notice for some time. The symptoms 
of chronic tubercular meningitis may b(5 the same as those described as 
general symptoms of brain tumor, but the headache is more severe in 
meningitis and more continuous ; there is more likely to be hypersen- 
sitiveness to light, sound, or touch in meningitis, and optic neuritis 
develops leas frequently, less rapidly, and with less intensity than in 
tumor. Tubercles upon the choroid are found more frequently in men- 
ingitis than in tubercular tumor. It is, of course, understo^ that a 
localized meningitis may give rise to the same symptoms as a small 
tumor, and then the differentiation is impossible. This is more common 
about the base of the brain, in the region of the cranial nerves, than 
elsewhere. It is also to lie nmiembered that a chronic progressive 
meningitis may develop in the vicinity of a tumor. Here, agiiin, the 
diagnosis will be impossible. A gnidual subsidence of the symptoms, 
with re(!Overy, will point to meningitis rather than to tumor. 

Chronic hydiwephalus, while not infrequently the result of tumor 
or meningitis, may be due to a chronic inflammation of the ependyma 
of the veutrichss. It then advances slowly. The fluid within the 
ventricles pixiductis pre^ssure upon the brain, causing atrophy. The 
course is clmmic, and the general symptoms are tliose of cerebral 
tumor. The local symptoms, however, differ in some respects from 
tlmse of tumor. Spastic paralysis develops with chronic hydrocephalus 
without localized spasms, and is always bilateral ; the lower limbs are 
affected more intensely than the upper. The child presents the extended, 
adducted, stiff legs, with overlapping knees, rigid muscles, increased 
tendon reflexes, and the spastic gait so familiar in infantile diplegia 
(see Chapter XXVIII.), and, in addition, the hands move without 
pn)|)er coordination. As the disease progresses tlie crura cerebri and 
p«)us may be displaced by the pressure of the fluid, and irregular symp- 
toms due to stretching of the cranial nerves may appear. These, witli 
the paraplegia, may lead to a suspicion of a tumor of the pons or base 
of the brain, and only by the order of development of the symptoms 
can the differentiation be made. 

The diagnosis between cerebral tumor and cerebral hemorrhage will, 
be necessary only in a few cases in which the onset of the symptoms 
has been very sudden. There are a few cases of tumor, chiefly glioma, 
in which the growth has been latent for som^ time, and has then giveb 
rise suddenly, after a blow on the head, or exposure to the sun, or some 
other accidental influence, "to well-marked symptoms. These are usually 
both general and local symptoms, chiefly the latter. The suspicion of 
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ti tumor will be aroused if, after such an apoplectic stroke, the symp- 
toms persist and increase instead of subsiding, and if headache, <!on- 
vulsions, and optic neuritis appear. Hemorrhage alone never gives 
rise to the last-named symptom. 

A novel means of establisliing the diagnosis of brain tumor and of 
ascertaining at the same time its nature has been proposed by Neisser 
and by Pollack ‘ and fully descrilicd by Pfeifer.® It luis been adopteil 
by F. Krause.® A very small hole is bored in the skull, tlie scalp over 
it being ausesthetized by cocaine, and a hollow needle is thrust into the 
brain under strwjt aseptic precsiutions and some aspinitiou is employetl. 
Tlu! needle is then withdrawn and its contents examined. In this way 
tumors have been detected and their nature determined. Sueli punc- 
tures are not injurious. By their means absceas, cysts, hemorrhages 
and hydrocephalus have been diaguosticatol as well as tumors. 

Th(‘ e.xamination of the head by means of tlie ;P-rays does not often 
help in the diagnosis of l)rain tumor. Occasionally eases have been rc- 
ported where the presence of the tumor appeared to l)e visible. In the 
majority of eases nothing can lx; seen, as the consishsney of the tumor 
is about the sjimc as that of the brain. 

Tiiere arc a few general diseases which present certain symptoms 
somewhat similar to those occurring in brain tumor, and these should 
always be kept in mind. They are extreme ausemia, with defective 
vision, fi*om myopia or hy^iermctropia ; chronic lead poiseming and 
chronic diffusci nephritis or contracted kidneys. The knowledge that 
these diseases msiy simulate brain tumor will lead the physician to be 
upon his guanl. It is not necessary to mention the numerous points 
of the differential diagnosis which will enable a definite conclusion to 
be rea(;hed in any case. 

The Course of the Disease. — The genend history of the prf)gr(!As 
of a patient suffering from brain tumor has to some extent been indi- 
cated in the disemssion of the symptoms. Suffice it to Siiy that a 
gr.idual iiKsn'ase in the number ami intensity of tlu; various symptoms 
is usuid. In some cases the general symptoms precsede the lo«d synij)- 
toms by sevend months, and optic neuritis dws not often appear within 
three months of the beginning of the syniptoms, unless the tumor is in 
the cerebellum or on the laise of the brain. In .some cases the local 
symptoms appear before the general symptoms, especially if the tumor 
is l<M!ated in the motor cortex, when the ease may be regiirded for some 
time as one of cortical epileiwsy until tlie general symptoms of brain 
tumor intervene.* 

As the case goes on and both local and general symptoms become 
more numerous the suflering of the patient becomes mort; intense. 

If tlie case is one of gumma it may be possible to relieve the symptoms 

‘Keisser and Pollack. Mittheilungen aus dcr Grenzgeb. der Med. u. Cliir., Ikl. 
xui., 1906. 

•Heifer. Arch. £. Psych., Bd. xlii., pp. 451-603, 1907. 

’F. Krause. Chirurgie des Gehims, Ji^liu, 1908. 

•Kocher, Zeitsch. f. Chiruigie, June, 1893. 
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and, by a progressive course of treatment to cure tlic patient entirely. 
Under these circumstances the symptoms gradually subside and become 
less in intensity up to recovery. In other cases it is possible to hxsite 
the tumor absolutely in a position accessible to the surgeon and to 
remove it by operation, and under these circumstances the recovery of 
the patient is gradual but progressive after the operation is over. The 
brain resumes its functions after the pressure of the tumor is removed. 
When a portion of the brain has been injured in the removal of the 
tumor recovery may be imperfect, with some defects of sight, or motion, 
or sen^tion remaining. In those cases that are not subject to specific 
treatment and in which the tumor cannot be removed the course is 
progressively downward, the patient suffering more and more intensely 
as the tumor grows, and finally passing into a state of coma or dying 
in convulsions. 

The average duration of the symptoms is said to be three years, but 
individual cases vary greatly. 

Tliere are a few cases, however, in which, cither spontaneously or 
under specific treatment, a tumor has ceased to grow and the patient 
has apparently recovered and remained quite well for some months or 
even years, the brain apparently resuming its function. Two smsh 
cases have come under my observation. In one the recovery lasted 
four months, sudden death following, due to the rapture of a cyst 
which lay at the side of a sarcoma. In the other an interval of eight 
years occurred, after which the symptoms returned and caused death. 
In the last case optic neuritis, which was prestmt at the first attack, 
subsided entirely, but recurre(l at the second attack. The tumor was 
a sarcoma in the cerebellum. In both cases there wtis no evidence of 
syphilis, yet the treatment, which was apparently sucaissful was by 
inunctions of mercury and large doses (300 to 400 grains daily) of 
iodide of potassium. 

In some cases of tumor of the brain sudden death has occurred 
unexpectedly. I have witnessed four such deaths in patients about to 
be Subjected to operation. In two of these cases tumor of the cere- 
bellum near to and pressing upon the medulla was found. In one of 
these cases the heart continued to beat six hours after voluntary res- 
piratory movements had ceased. 

Prognosis. — It is evident from this statement of the course of the 
dise.'ise that the general prognosis in brain tumor is unfavorable. We 
have seen from a table on page 574 that but 9 per cent, of tumors of 
the brain are open to operation. It is therefore evident that in the 
vast majority of the cases we cannot give the patient any hope. 

There is always a possibility that a tumor may be syphilitic. It is 
always imperative, therefore, as soon as the diagnosis is established, to 
try the ettcct of specific treatment. My preference is for the us^bf 
inunctions of mercury, one drachm of blue ointment being rubbed in 
at night after a hot bath, a different part of the body being selected 
fur each aj|plication, and after the application being covered with 
bandages that the process of absorption of the ointment remaining 
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upon the skin may occur during the night. At least two ounces ol* 
blue ointment should thus be used, and if imprt»vement is evident the 
inunctions may be rtipesited after an interval of two weeks. The 
occurrence of salivation will necessitate the cessation of the use of 
mercury temporarily. At the same time large doses of iodide of 
potash should be given, beginning with twenty gniins three times a 
day, and increasing the dose one or more grains daily until 100 grains 
three times a day have benm reached. The iodide may be given in 
Vichy water or in milk, before or after meals, according to the con- 
dition of digestion. My preference is to give it before meals. 

Care in tlie regulation of the diet, the use of simple and nutritious 
food, frequent massage to aid digestion, and a daily hot bath at a 
temperature of 100° F. continued for fifteen to twenty minutes arc 
essential during the taking of these large doses of iodide. 

When the tumor is of a gummatous nature a decided improvement 
in all the symptoms, and particularly in insomnia and lu'adachc, 
should be observed within a month. Such improvement may, how- 
ever, occur in cuises of either Sitreoma, or glioma, or cystic tumors. It 
is therefore necessary to keep up this treatment for two months 
longer. If the improvement continues and the patient gradually 
recovers, it is probable tliat a gumma has been absorbed. In a case 
under my observation in which the symptoms in January, 1603, were 
intense headache, insomnia, mental ajmthy, staggering gsut, graat 
general weakness, optic neuritis in both eyes, with {mrtiul blindness 
in the right eye and total paralysis of the right third nerve, par- 
tial autesthesia of the right side of the iacc, and paresis of the right 
sixth and seventh nerves, there was by November, 189.3, a (complete 
recovery, which still persists, an occasional nocturnal headache Ix'ing 
the only symptom remaining. Five courses of inunction' have IwKin 
employeil and iodide has been given to tlic extent of 2 !)() grains a day, 
the dose being varied from time to time when symptoms of intolerance 
appcare<l. Thus in ten months a basfd gumma of considerable size 
has been absorbed by persistent treatment. 

If the tumor present is a sarcoma or glioma, and an improvement 
has occurred during the first months of treatment, such improvement 
will not alw'ays persist, and therefore a return of the symptoms during 
tlie course of specific treatment is a pretty sure pnK)f that the tumor is 
not of the nature of a gumma. It is useless to continue spcHiific treat- 
ment after three months of thorough trial ; it is better to refuse mediesd 
treatment or to depend entirely upon palliatives under these circum- 
stances. It must l)e stated, however, that some authorities believe 
that tumors of the brain, not syphilitic in nature, have been esured by 
the persistent use of lai^ doses of iodide. In every case, therefore, 
where surgical treatment is impossible it is well to employ this remedy. 

Treatment. — 1. Medical Treatment. — Headache can l)e relieved 
by a free use of phenacetin, antipyrine, or acetanilid. The doses of 
these drugs which must be used are larger than those commonly em- 
ployed, and it is my practice to begin with the ordinary dose and rapidly 
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iucrease the number of doses given, combining with the drug any heart 
stimulant, caffeine being the one preferred. If the patient be carefully 
watched while this is being done it will soon be found possible to give 
safely twenty grains of antipyrine, fifteen to twenty grains of phena- 
cetin, or ten grains of acetanilid at a dose, and this dose may be repeated 
after three hours, provided the headache returns. In a few cases the 
headache may be benefited by ice-bags to the head, by hot baths, or 
by erg(jt. If these remedies are useless resort must be had to mor- 
phiuc, but this drug is especially unsatisfactory in the treatment of 
headache from brain tumors, unless very large doses are given. Vomit- 
ing and vertigo in brain tumor are best relieved by the use of bromide 
of sodium or by hydrobromate of hyoscine in gr. dose repeated 
every four hours. 

The course of optic neuritis cannot be arrested, though it may be 
somewhat delayed by cupping the temples. While strychnine will at 
auy time, when given hypodermically, improve temporarily the power 
of vision, yet it does no permanent good, and is thought by some to 
hasten the progress of the diseiise. 

Epileptiform convulsions may be reduced in frequency by the free 
ase of bromides, but cannot be arrested sis long as the disease goes on. 
It is thus evident that the treatment of the general symptoms of bniin 
tumor is excseedingly unsatisfactory. There is no treatment known 
that will in any way affect the local symptoms, massage and electricity 
to paralyzed limbs being mere palliatives, capable only of maintaining 
the nutrition of the muscles. 

2. The Surgical Treatment of brain tumors is a subject which has 
awakened much interest of late, inasmuch as over 1,000 tumors have 
l)ccn openiteKl upon up to the present time. 

A cansful review of a large number of cases of brain tumor, exam- 
ined post mortem, shows that about 10 per cent, of tumors are open 
to surgicnl treatment. The most recent statistics of results in such 
cases have been published by Dr. Philip Coomlxjs Knapp,' whose 
table I repro<lu(!e. (See page 603.) Of 828 tumors operate<l on 
up to July, 1905, it was found that in 471 cases the tumor was found 
and removed ; in 189 cases tlie tumor was not found, in 104 cases the 
operation was a palliative one only, and in 64 cases the tumor, though 
found, could not be safely removed. Further analysis of tlie cases, 
471 in number, in which the tumor was removed, shows that the 
diagnosis was correct, the removal easy, and tlie recovery or improve- 
ment most satisfactory in those cases in which the tumor lay near the 
Rolandic or Sylvian fissures, while the mortality was greatest in the 
cerebellar cases. 

These statistics are quite in accord with my own experience. It is 
evident then that out of 100 brain tumors we may expect success in 
surgical treatment in but five only. Yet there is no doubt that even 
if the number of lives saved is small it is our duty to study every case 
with our minds fixed on the question of possible surgical relief. 

* Boston Med. and Snrg. Jour., Feb. 1, 1906. 
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Table XV. — Kesults in Operations fob tumors of the Brain. 

Nut iiu- JIusult not 



Beciirered. 

Imjmired. 

proved. 

Died. 

Stated. 

Total. 

Bemoved 

112 

122 

78 

123 

.36 

471 

Not found 

4 

24 

61 

87 

13 

189 

Impoijsible 

Palliative 

0 

11 

11 

40 

2 

64 

0 

4S 

36 

15 

5 

104 

Total 

116 

205 

186 

265 

66 

828 

Frontal 

15 

6 

3 

8 

2 

34 

Central 

62 

82 

43 

54 

6 

2.36 

Parietal 


5 

5 

12 

0 

29 

Temporal 


4 

6 

5 

1 

18 

(!)ccipital 

Cci'ctieilum 

3 

7 

3 

16 

2 

8 

2 

1 

1 

11 

.55 

Not .stated 

26 

6 

11 

19 

26 

88 


It is im|K!rativc* to consitler the po8.sibility of operation in every 
case of brain tumor. Success in these operations depends (1) on the 
situation of the tumor ; (2) on its removal early in the course of the 
disease ; (3) oii the variety of tumor found ; (4) on the amount of 
brain tissue destroyed either by the tumor or in the courst; of tin? 
operation. 

An analysis of the successful cases shows that they wei'c chiefly 
tumors sitiuited about the fissures of Kolaudo or Sylvius, giving rise to 
motor or aphasic symptoms (easily localised. 1 have had a numln'r of 
those ca,sos ; in four perfect rtfcovery has been the result, and the jKitient.s 
are now alive and well. A numlwr of tumors have been successfully 
riimoved from the frontal convolutions, from the [Kirietal region, and 
from the occipital rt!gion, but the percentage of failures in these locali- 
ties, due probably to un<!ertaiuty iu diagnosis, was greater than in the 
motor ri'giou. I have had successful cases in each of thesi! localiti(‘s. 
The following is an example: In Jauaary, IflO.'i, a healthy business 
man began to suffer from severe frontal headaches, soinetinies atteuded 
by vomiting, and it was soon noticed that he misplaced words and had 
difiiculty in expressing his ideas. These symptoms inci’casiHl steadily 
during Februiiry, and early in March he had a tempirary attack of 
right hemiplegia and aphasia, which, however, jmssiid off entirely in 
two days, but left his speech more defective. This was followed by 
recurring attacks of twitching in the right haud and in the right side 
of the face, attended and folktwed by numbness in these jiarts. By the 
middle of March his sjieech defect had become constant and he wuld 
no longer write, though he could read and understand everytliing said 
to him ; and he had beiKime very dull and drowsy. 

On March 26 he went into a semi-stuporous state in which I first 
saw him. I found an extreme choked disc in both eyes, worse in the 
left ; no paralysis, but a flatness of the right side of the face and in- 
creased reflexes in the right limbs. There was motor aphasia. I 
concurred in the diagnosis of brain tumor made by his physician. Dr. 
Rutz, and located the tumor in the left third frontal convolution, and 
nNHimmended operation. 

On March 27 Dr. Hartley operated, making a laige bony flap over 
the left temporal region four inches in diameter. When the dura was 
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opened the tumor was visible, lying in the middle of the third frontal 
eonvolution. It was easily shelled out by a spoon, and some small 
discolored parts of the white matter of the brain about it were also 
tiiken out, leaving a clean cavity. 

His recovery wsis nipid. The day after the operation he was still 
spetichless, but within a week he had regained his siHJech, could rea«l 
aloud, and could write, and had no paralysis. On April 1 6 he was 
up and the wound had healed. On May 16 he went back to business 
in apparently good health. In May, 1906, he had no return of brain 
symptoms. 

Tlie cerebellum is very difficult to reach, only a small part of eiich 
hemisphere being accessible through the occipital bone, and hence the 
successful cases of removal of cerebellar tumors are small in number. 
In several psitients with cerebellar tumor whom I have ha<l trephined it 
has been impossible to reach or to completely remove the tumor. Cush- 
ing has however succeeded by removing the entire occipital bone. A 
few tumors from the cerebellotpontiue angle involving the eighth nerve 
have been successfully removc<l, but this is a very difficult locality to 
reach. In any case, therefore, where the tumor is cortical, can Iw local- 
ized accurately, and is accessible, the chance of success is good. In some 
cases tumors l)eucath the cortex can be removed. It is quite safe to 
incise the brain to a depth of several in<!hes if the ventricle is not opened. 
If a tumor is not seen at an operation it may be felt for, the finger being 
thrust into the brain at the bottom of a sulcus. Thus in a case of deep 
lying tumor of the parieto-occipital region, removed for me by McCosh, 
it was only at the second operation and by a deep incision that this was 
found. It proved to be an encapsulated sarcoma with a pedicle attached 
to the falx, and its removal was followed by apparent recovery, hemi- 
anopsia remaining. The tumor, however, recurred some montlis later, 
and the patient died. It is to be remembered that deep incisions or 
lacerations of the brain in the removal lead to permanent symptoms, 
and the scar is likely to prove the focus of irritation for subsequent 
epileptic attacks. 

The second factor in success is the promptness with which the need 
of an operation is recognized and the procedure undertaken. Many 
patients could have been saved, who have died, had the tumor been 
removed at an earlier time in the course of tlie case. The moment an 
accessible tumor is di^nosticated an operation should be undertaken. 
It is a mistake to try medical treatment, even antisyphilitic treatment 
in syphilitic cases, as the operation even in these affords rapid relief, 
and in cases where it fails valuable time is lost. 

The third factor in success is the variety of tumor found. The 
table on page 605 illustrates tliis fact. 

Sarcoma, gliosarcoma, and fibroma are usually hard, encapsulated, 
easily stqmrable from the brain tissue, and can be removed without 
laceration. 

Cysts of the brain are easily emptied when found, but the mere 
al^strsctiun of the fluid gives no permanent relief, as it rcaccumulates. 
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It is necessary, therefore, either to drain the cyst and thus secure its 
closure from the bottom by the approximatiun of its walls, or else to 
remove the whole of the cyst by dissecting it out from the braiu. The 
latter is the best method when the cyst is on the surfm;e, but is a 
dangeroas process, and is sure to be followed by the formation of scar 
tissue, which in itself is a constant irritant to the brain. Drainage is 
necessary in deeper lying cysts. If, however, the cyst is a part of a 
glioma the removal of its wall and adjacent tissue atfonls less ho])e. 

Table XVI. — Table of Vabietst of Tumob Kemoved, and Kesclt. 


Varietij, 

Barcuma . 





MetHtvereiL 

. 52 

Dint. 

20 

(xliosKircoma 





10 

0 

Cyst . 





2!) 

11 

Angioma . 





7 

1 

(lUmina 





8 

3 

Tulicroular 





19 

8 

Fibroma . 





7 

2 

Kntlotliciioma . 





5 

4 

(ilioma 





15 

13 


Angioma, if lying on the cf)rtex and if miidc up, as is usual, of 
vessels from the pia, can be easily removed if care be taken to lig-ate 
all the vessels entering the tumor before any arc cut. But smsh ligsi- 
tion may be followed, as in one patient of my own, by extensive 
softening of the aresi the veins of whidi were tied. 

Gumma, if hard, is easily taken out, but if soft and infiltrating the 
pia is more difficult of removal. The hard type requires surgical 
treatment ; hence it should Ixs removed. The soft type will yield to 
medical treatment, which should in any case follow the oiwration when 
a gumma is found. 

The question of operative interference when a tulwrcular tumor is 
diagnosticated has given rise to some <liscussiou, von Bergmann being 
opposed to such operations and Horsley being in their favor. It must 
be a«lmitted that a permanent cure by o{>eration is hfss likely to l)e 
achieved in the case of a tubercular tumor than in the ease of a non- 
tuliercular tumor, there being not only the danger of recurrence but 
also the pf)ssibility of the existence of undetected tumors elsewhere in 
the broin and tlie danger of the development of tubenmlar meningitis 
subsequently to the operation. An operation is capable of prolonging 
life, and hence shouhl not bo wholly condemned. 

The prospect of recovery when an endothelioma or a glioma is found 
is not good, for it is rarely possible to remove these tumors completely, 
as they infiltrate the brain, and even if removed they are liable to recur. 
Carcinoma is jMirticularly unfavorable liecause it is usually secondary 
to camnoma elsewhere. 

The degree of ultimate recovery after such operations will depend 
upon the amount of destruction of brain tissue produced by the tumor 
or by the necessary incisions of the operator. Sometimes this is cf»n- 
siderable, and the patients are left incapacitated for life. In many 
cases, however, of which I can record several, a complete recovery has 
occurred, even when extensive paralysis had preceded the operation. 
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In the table of results the word “ re<!Overe<l ” indicates that the patient 
survived the operation and was improvetl by it. It is not to Iw inter- 
preted as implying a complete restoration to health, which rarely occurs. 
It is no small result in such cases to save a patient’s life and to arrest 
the progress of a fatal disease. 

The surgical details of tlie operation do not require description, being 
beyond the scojie of the physician.’ They are many and complex. 
The operation is not to be undertaken lightly or without experience, 
and it is better for the physician to refer such cases to some surgeon 
who is familiar with tlie methods of procedure. 

When an operation for a brain tumor is advised it should be explained 
that it is an exploratory opemtion, that it may save life, but tliat it may 
leave disabilities which will be permanent ; that it may fail because of 
the impossibility of removal of the tumor, either because of its deep 
position or of its nature. At the same time it should be urged as 
affording a possible cure for an otlierwise fatal disease. 

In cast's where it is evident that a brain tumor is present, is (causing 
urgent symptoms, espetiiully blindness, and yet in whitJi the tumor 
cannot be located, Horsley, Harvey Cushing and others advise a de- 
compressing operation ; that is, a large opening in the .skull, usually 
over the tcmport)-parletjd region, the dura being opened and cerebro- 
spinal fluid being allowed to drain out into the dressings. It is cer- 
tain that such an operation relieves the general symptoms and re.stoi’es 
the sight if there is no optic atrophy. In a raise of my own, oixu-ated 
upon by Harvey Cushing,* a choktsl disk causing blindness was relieved 
in a week and vision returneil. I can rejiort two similar cases. The 
course of the disease is in the.se c^‘S prolonged and the patients may 
be more comfortable. In a few cases subsequently to the operation a 
tumor has appeared in the opening and has been removed at a second 
opemtion. The hernia cerebri which tends to form after the operation 
may attain a large size ; the discharge of ccrebro-spinal fluid may be 
enormous (60 oz. daily for two weeks in one of my ratses) and there is 
consequently great danger of infection. If this is avoided, however, 
the hernia may gradually decrease until after three mouths it has dis- 
appeared ; the flow of fluid may cease ; and the scalp may heal, leaving 
only the bone defect. This has been the result in two of my cases, 
with gradual subsidence of the symptoms. Whether the relief of 
pressure, or the discharge of fluid arrested the growth of the tumor, or 
hid to its absorption, must lie undecided. Others report similar results. 
If the operation does not . cure it at Iraist relieves some symptoms and 
rarely hastens the fatal end. Hence in every case of brain tumor it 
seems a duty to resort to a decompressive operation. Cushing prefers 
to open the .skull under the temporal muscle for cases of cerebral tumor 
and under the occipital muscles for cerebellar tumor, the muscles being 
split and tlien unit^ so as to prevent too great protrusion. 

' ^ Brain Surge^, by M. Allen Starr, M.D., tVin. Wood & Co., 1893. Aba Brain 
Sui^iy, by W. W. Keen, M.D., Reference Handbook Med. Sciences, Wni. Wood & Co. 

Obsliing. Snivel^, Qyntecolcwy and Obstetrics, October, 1905. Also in Keen’s 
System of Surgery, vol. iii., 1908. l&ause. Chimigie des Gehims, Berlin, 1908. 



CHAPTER XXXIV. 

BULBAR I*AKALYSI8, 


THE CEREBRAL AXIS. 

Tiik <!crebr!il axis cousists of tlie crura cerebri, pons Van)lii, aii<l 
incdnlln obloiigitta, which lie upon the base of tiie skull. (See Fig. 
73, jmge 145.) It contains the nuclei of (irigin of all the cranial nerves 
except the first and stKiond. These are arranged in groups, lying uj)on 
the fl<x)r of the fourth ventricle or Jiearto it. It als<) contiiins thegrtsit 
motor and sensory tracts connecting the cerebrum and (^n’clK^llum with 
Ciich other and with the spinal cord. Fig. 241) shows a later.d view 
of the cerebral axis and Fig. 72 (page 144) shows a tniiispanait dia- 
gram which indien.tc8 the position an«l relative arningtanent of the niudei 
within it- Figs. 51 to 56 (pages 110 to 115) show the various tracts 
passing through the cerebral axis. 

Fnjni a study of these diagrams and from a consideration of the 
symptoms of lesions in the cerebral axis already diseiisstsl, pages 110 
and 115, it is evident that gross lesions such as hemorrhages, small 
areas of soflbening due to thrombi or emboli, plaques of sclerosis, ami 
tumors of the cerebral sixis, can be easily locsited by th(*ir eflects upon 
the cranial nerves and upon the sensory and motor tracts. The (fliar- 
acteristic features of such lesions are alternatiug paralysis or anassthesia 
when the lesion is unilateral, and paraplegia with cranial nerve symp- 
toms when it is bilateral. The sncuill sizcj of the cerebral axis and the 
importance of the tenth nerve centres to life make it evident that lesions 
which are larger than half an inch in diameter are usually immediately 
fatal. If, however, a hision spares the tenth nerve nuclei, the patient 
may live, and then a diagnosis of bulbar lesion is not <lifficult. The 
prognosis is, however, more serious than in tumor, hemorrhage, or 
softening elsewhere in the brain, as an extension of the lesion nniy end 
life at any time, and regeneration in these nuclei and tracts does not 
occur. 

BULBAR PARALYSIS. 

Any affection which involves the cerebral axis may Ire termed bul- 
bar paralysis. Thus cases of hemorrhage, which are rare, or of soften- 
ing, which are common in the crura, pons, or medulla, may be destsribetl 
“ as acute apoplectiform bulbar paralysis.” But since such cases differ 
from cases of cerebral apoplexy in no respect excepting in the peculiar 
combination of their symptoms, due to the location of the lesion, it 
seems unwise to establish a special category of diseases for these cases. 

607 
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The facta already atated in regard to the pathology of apoplexy (page 
469), and in regard to its symptoms, and especially those produced by 
lesions in this region (page 492) apply to tliis condition and make it 

Fio. 246. 



*nio cerebral axis. The cranial nerves and their nuclei are numbered TTT. to Xtl. Brej, superior 
peduucle of cerebellum ; Cm, conius mammillare ; Oip, posterior commissure ; DB, decussation of 
superior peduncle ; Dljm, sensor; decussation in meduila ; DPy, motor decussation in mcdolla ; DV, 
crossed bundle of Y. nerve; Fat, internal arcuate fibres; Fel, fornix; Fng, funiculus gracilis; Ftp, 
posterior longitudinal bundle ; Frtf, fasciculus letroilexus ; Jf, inAindlbulum ; IjCo, locus cierulcus ; 
Zsn, lemniscus ; No, anterior nucleus of thalamus ; Nar, nucleus arcuatus ; Ng, nucleus gntcllis ; 
So, olive ; Sig, nucleus tegmenti ; N, red nucleus ; Oan, ventral ollvar; nucleus ; Oae, dorsal olivary 
nucleus ; Fo, pons ; Pm, superficial transvciso fibres of pons ; Pp, pcs peduncull ; Pp, pyramid ; Qa, 
Qp, corjiora qnadrlgemlua ; Sn, substantia nigra ; Sfm, atria: acusticee ; Slz, stratum xonale of the 
thalamus ; Tho, thalamus ; Utt, lower thalamic bundle ; Va, Vicq d’Azyr't bundle ; Vg anterior column; 
Knut, valve of Vlcusseus. (Obersteiner.) 


Fig. 247. 



Section through the pons Yarolll, showing multiple hemorrhages which caused death. 

(Comte, Des Paralysles Paeudo-bulbaires, Puls, 1900.) 

unn^s^ry to do more than mention an affection which, though ex- 
tremely rare, has received some attention in recent text-books. Fig. 
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247 shows a diagram of snoh a lesion, a number of small hemorrhages 
in the pons Varolii having cau^ the death of the patient. Acute 
bulbar paralysis has been already described in the chapter upon ence- 
phalitis; it being also known as polio-encephalitis inferior. (See 
page 532.) 

By bulbar paralysis a disease of a chronic progressive type is usually 
indicated, also called glosso-labio-laryngeal paralysis. This disease is 
exactly homologous to chronic anterior poliomyelitis, the lesion being 
in the cerebral axis and not in the spinal cord. It is a slowly advanc- 
ing degeneration in the nuclei of origin of the motor cranial nerves, one 
after another being involved, usually from below upward, but occa- 
sionally from above downward. In some cases it is a part of a more 
widespread affection, viz., amyotrophic lateral sclerosis, and many cases 
which present the typical features of bulbar palsy, if tliey survive, 
develop the additional symptoms which cliaraeterize that disease. (See 
page 291.) But in many cases the bulbar symptoms are the only ones 
to present themselves, and produce a very typical picture which is 
easily recognized. 

Etiology. — The etiology of bulbar paralysis is obscure. In a few 
eases it appears to have been a congenial affection, and as, in these it 
has occurred in two or more children of a family whose parents were 
related to one another or in children who showed signs of degenera- 
tion, it has been considered an hereditary or a family disease and due 
to defective development of the brain. In one such case hereditary 
syphilis was the manifest cause. The majority of tlie cases develop 
between the thirtieth and fiftieth years of life, though no age is exempt. 
Falls and blows on the head, emotional strain, and a>ld have l)coa 
thought to be causes of the disease. Overwork of the facial muscles, 
such .as occurs in players on wind instruments, has been thought to be 
a cause. 

Pathology. — The pathology is a progressive atrophy of the motor 
neurones in the hypoglossal, glossopharyngeid, spinal accessory, pucu- 
mogastric, facial, and motor part of the trigeminal nerves and occasion- 
ally of the abducens and oculomotor nuclei also. The bodies of the 
neurones undergo a progressive atrophy, lose their branches, both «len- 
drites and axones, become smaller, and finally are reduced to small nuclei 
or disappear wholly. (See Plate III., page 30.) The axones degenerate 
in the same manner and leave an empty sheath. The muscles to which 
they go atrophy. The pathology of the disease is therefore identical 
’with tliat of chronic anterior poliomyelitis {q. v.). This lesion may be 
limited, to the gray nuclei of the cerebral axis. But in some csiscs 
sclerosis of the pyramidal (motor) tracts in the medulla and pons has 
been found, and this in a few cases could be traced into the lateral and 
anterior median columns of the spinal cord. In such cases it is evi- 
dent that the disease was amyotrophic lateral sclerosis and that the 
bulbar paralysis was only the first stage of that affection. 

Sjrmptoms. — The symptoms of bulbar paralysis usually begin in 
the tongue, causing a slight defect in articulation, words which con- 
89 
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tain the linguals, d, 1, n, r, s, t, being badly pronounced. As the 
disease goes on ibis difficulty of speech is increased by the develop- 
ment of paralysis in the pharynx, which makes the speech nasal, and 
of paralysis of the lips, which prevents the enunciation of b, p, v, w, y, 
and finally it is almost impossible to understand these patients, the 
vowel sounds alone being clearly produced. When the larynx itself 
becomes paralyzed even phonation is indistinct. This symptom has 
been termed dysarthria to distinguish it from aphasia. The paralysis 
of the tongue is attended by fibrillary twitching and by atrophy, 
which throws the mucous membrane into folds. A reaction of de- 
generation may be found in the muscles of the tongue. 

While the symptoms are developing disturbance in the act of chew- 
ing and of swallowing appears. The food mnnot be rolled about in 
the mouth on account of the paralysis of the tongue and cannot be 
carried backward to the phaiynx. The pharyngeal muscles are 
involved, and hence their automatic action is imperfect ; hence the food 
is not grasped and propelled into tlie oesophagus, but may stick in the 
throat and get into ffie larynx. The automatic closure of the epiglottis 
on arrival of food near it is also impaired by paralysis of the laryngeal 
muscles; hence fluids trickle into the larynx and fits of choking 
become frequent. These patients sometimes attempt to aid themselves 
by pushing the food back into the pharynx with the finger or by lying 
down when they attempt to swallow fluids. The paralysis of the 
pharynx and uvula may lead to regurgitation of fluids through the 
nose. When the paralysis reaches the muscles of mastication chewing 
is impossible, and semisolid food only can be taken. It is probably 
one reason for the rapid emaciation of these patients that tlie difficulty 
of eating deprives them of a proper amount of nourishment. The 
difficulty in deglutition forms one of the chief dangers of the disease, 
for foreign bodies get into the larynx and lungs and choke the patients 
or set up pneumonia, which is fatal. For this reason feeding by the 
stomach-tube should be begun early, and the patient should be in- 
structed how to pass the tube, and thus should avoid all acts of 
swallowing. 

A further set of symptoms is referable to the facial muscles. The 
lower muscles become weak and atrophy, causing a lack of facial 
expression and a flattening of the face from obliteration of its folds. 
The muscles about the mouth are relaxed and the mouth cannot be 
firmly closed, and the lower lip hangs down. Hence the saliva runs 
out, and the patient holds a handkerchief to catch the drooling. He 
can no longer whistle or blow. The jaw-jerk may be increased. The 
muscles closing the eye are very rarely paralyzed^ The lower muscles 
of the face and of the tongue are in a state of constant fibrillary con- 
traction causing a fine tremulous, wavy •movement of the skin and 
mucous membrane. As the facial muscles atrophy a partial reaction 
of degeneration can be obtained. The paralysis of die muscles of 
mastication leads to an inability to close the jaw, which makes it 
neoessaif for the patient to support it by the hand. Hie tongue in its 
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final state of paralysis lies on the floor of the mouthi cannot be put 
out or moved about, the soft palate hangs motionless and does not 
rise in speaking or in swallowing j hence fluids return through the 
nose. In some cases the oculomotor nuclei become affected and 
various forms of strabismus and double ptosis develop. Thus in the 
patients shown in Figs. 248 and 249 there was not only a paralysis 
of the facial muscles and of the tongue, but double ptosis with paralysis 
of all the muscles of the eyeballs. 


Fia. 248. Tia. 249. 



Patient auflbrlng firoin bulbar paralj'ala. Double 
ptosia, slight external strabismus, facial paralysis 
with lack of facial expression and inability to 
close the Ups are to bo seen. The effort to open 
the eyes causes a wrinkling of the forehead. 


Bulbar paralysla Double ptosis, with ex- 
ternal strabismus, fiattcnlngof the face. 
Inability to close the mouth, and atrophy of 
the right half of the tongue are to be seen, 
(leon. de la Salpdtrieie.) 


Finally, -the respiratory movements of the larynx are interfered 
with, a peculiar stridor is heard in respiration, the breathing becomes 
rapid, and death by asphyxiation occurs. In the early stage a laryn- 
goscopic examination shows weakness of the adductors, which later on 
becomes a total paralysis. In a few cases the oculomotor nerves and 
the abducens have bron paralyzed, causing ptosis, and strabismus with 
all the characteristics of ophthalmoplegia {q. v.). 

There is never any pain or aneesthesia of the face, but headache in 
the occiput or pain in the nape of the neck is sometimes complained 
of. Sometimes an increase of knee-jerks is present. 

A very constant symptom of bulbar paralysis is an emotional state 
which leads to undue laughter or more often to frequent crying without 
apparent cause. This, as already stated, must be regard^ as a local 
■ symptom of pons disease. In a few cases symptoms of spastic para- 
plegia appear and the disease goes on to amyotrophic lateral sclerosis. 
In other cases an atrophic paralysis develops in the hands and arms, 
and it is evident that a chronic anterior poliomyelitis has followed the 
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bulbar palsy. It has already been stated that in both of these diseases 
bulbar paralysis may develop as a final result. These &cts point to a 
common origin and pathology in all three affections, which may, there- 
fore, be regarded as stages or varieties of onset in one disease. 

The course of bulbar paralysis is slowly progressive. In a few cases 
there may be for a time an arrest of symptoms, but they soon reappear, 
and the result is uniformly fatal. The average duration of the disease 
is two yeiirs, but I have seen several rapid cases which terminated 
within a year of the onset. Death is due to choking, to pneumonia or 
bronchitis set up by inhaling food, or to starvation. 

Diagnosis. — The diagnosis of Wbar paralysis presents no difficulty. 
It is to be remembered, however, tlmt similar symptoms are caused by 
tumors of the cerebral axis, though tliese are rarely so located as to 
produce bilateral symmctriciil symptoms. 1 have seen one case, how- 
ever, in which the entire absence of general symptoms of brain tumor 
and the slowly progressive development of bulbar paralysis led to this 
error, which was only revealed at the autopsy. The history of the slow 
progress of the symptoms will serve to distinguish bulbar paralysis 
from vascular lesions in the cerebral axis. But cases of aneurism of 
the basilar artery sometimes present very similar symptoms, though in 
the few cases thus far recorded spastic paraplegia has apjiearcd early. 

The occurrence of spinal and cortical symptoms will distinguish 
multiple sclerosis from tliis disease. In the course of multiple neuritis 
either of diphtheritic or of toxic origin cranial nerve symptoms some- 
what like those of bulbar palsy msiy occur. But the history of the 
case, its rapid progress, the occurrence of other symptoms referable to 
the nerves of the extremities, and. the rapid recovery leave no doubt 
as to the diagnosis from bulbar paralysis. 

There is a condition quite like that of bulbar paralysis which is pro- 
duced by bilateral lesions in the facial motor area of the cerebral cor- 
tex lying in the operculum or in the motor tracts from those areas to 
tlie nuclei of the cranial nerves, especially in the internal capsule near 
tlio lenticular nucleus and in the lenticular loop. Tliis condition is 
naturally a very rare one, but it has been observ^. It may be a con- 
genital defect with porencephalus, and tlicn the symptoms appear in 
infancy. It msiy be due to multiple sclerosis or to several separate 
attacks of an apoplectic nature, each calising unilateral symptoms, but 
the final result being a symptom-complex resembling bulbar palsy. 
The history of the development of the symptoms should prevent any 
mistake of diagnosis. Ai^ in these cases the paralysis is not accom- 
panied by rapidly advancing atrophy, fibrillary tremor, and reaction 
of degeneration, which can be demonstrated in cases of bulbar paralysis. 
Thare is usually a weakening of the mind, a dementia, and not uncom- 
monly some form of aphasia. And in thcse.cases evidences of arterial 
disease aid the diagnosis os well as the non-progressive course of the 
symptoms. 

ib ^Fiaa^y, it is necessary to differentiate bulbar paralysis from a dis- 

l^ase known as ceathenio paredyda or myadhema gravia. This was first 
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described by Erb, later by Oppenheim, and then by Eiaenlohr, Hoppe, 
and others.^ These authors related cases of supposed bulbar paralysis 
in which either no lesion was found after death, or in whicit unex- 
pected recovery ensued. The symptoms were much like those of bul- 
bar paralysis, though ptosis, paralysis of the orbicularis palpebrarum, 
and weakness of the muscles of the neck, which are very rare in that 
disease, appeared early in these cases. This gives a peculiar and 
typical facial expression. (See Fig. 248.) Furthermore, in these 
cases a great general muscular lassitude and undue fatigue on exertion 
were quite constant, so that a few movements exhausted the p;itient 
completely, rendering him incapable of walking or of using his hands. 
The rapid onset of this general muscular weakness is sufficient to dif- 
ferentiate die disease even from cases of amyotrophic lateral sclerosis 
beginning with bulbar symptonts. Even the electrical excitability of 
the muscles diminishes progressively as the current is applied, until no 
contraction can be produced, yet after a period of rest it is found to 
have returned. This peculiarity, termed electrical fatigue of a muscle, 
is characteristic of the disease, as shown by Jolly anil Murri. The 
muscles which are affected show no fibrillary tremor, do not atrophy 
and show no reaction of degeneration. There are no sensory symp- 
toms. The course of the disease differs from tliat in bulbar jwlsy, for 
while the onset may be similarly slow and the various symptoms may 
all be alike in bulbar and asthenic paralysis, the disiuisc is not steadily 
progressive. Periods of improvement or even entire subsidence of the 
symptoms occur. The patient may recover and l)e free from all signs 
of disease for some months, though the recovery is never permanent, as 
almost all cases die within a few years. And if the symptoms prove 
fatal no lesion in the nervous system has been found. Weigert, Hun 
and many others have found lympho-sarcoma of the thymus gland in 
their oases and in all recent oases some disease of the thymus has iKten 
discovered. An infiltration both of the thymus and of the muscles 
with lymphoid ceils is also uniformly found. It is probable therefore 
that this disease is to be traced to some obstruction in the lymph 
circulation with an infiltration of the muscles with lymphoid cells. 
Another theory is that the disease is due to a toxtemia of the musc^les, 
and this receives support from the facts that Gowers has seen a case 
clearly due to the inhalation of the fumes of burned petrol ; and that 
Gunn has produced the disease in animals by poisoning them with 
yohimbin. 

Prognosis. — The prognosis in bulbar paralysis is very serious. 
The patients die within three years of the onset of the disease, and some 
cases run a more rapid course. The length of life may be prolonged 
by care in feeding these patients. « 

Treatment. — The treatment should consist in keeping up the nutri- 
tion and general health of the patient by every possible means. Good 
food, massage, life in the open air, stimulating water treatment by 

*See Brain, 1900 ; Oppenheim, Die myastheniache Pbralyue, Berlin, 1001 ; also R. 
Hun, Albany Medical Annals, Jan., 1904, vol. xxr., 29. 
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warm packs or hot baths, followed by cool showers dt douches, and all 
forms of tonics should be advised. Strychnine, arsenic, and phos- 
phorus in the form of hypophosphites and the glycero-phospnates 
should be employed freely and kept up, each drug being u^ a short 
time, and those selected and continued which seem to agree best. In 
the early st^ the patient should be carefully instructed in the passage 
of the stom^-tuM, and this must be iusisted upon, as later in the 
disease, when.diffioulty in swallowing begins, the <mief (hmger can be 
avoided by its use. When solids ow no longer be swallowed semi- 
solid food should be given and supplemented by eggs and milk and 
broths given through foe tube. When nothing can be voluntarily swal- 
lowed dl food has to be given in this way. I have known a patient 
to be kept alive over a year by this method of feeding. The thirst can 
be reduced by large enemata of salt solution and by following each 
feeding by giving water through foe tube. In foe last stages of the 
disease hyp^ermio medication, with morphine to allay foe mental dis- 
tress, with atropia to prevent the undue flow of saliva, , and with 
strychnine to support foe vital centres may be employed. 
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Showing the distribution of the fifth, seventh and eleventh cranial nerves and the 
cervical and brachial plexuses: also the area of the middle meningeal artery in the inner 
table of the skull, injury to which is sometimes the cause of hemiplegia: also the course 
of the bloodvessels in the neck and face. (Arnold's Atlas.) 


CHAPTER XXXV. 

THE CRANIAL NERVES AND THEIR DISEASES. 

The Dumber, oame, and function of the cranial nerves are as follows : 

First. Olfactory, sense of smell. 

Second. Optic, sense of sight. 

Third. Oculomotor, motion of the eyeball up, down, and in. 

Fourth. Patheticus, motion of the eyeball in and up. 

Fifth. Trigeminal, sensory nerve of the face; probably nerve of 
taste ; and motor nerve of the muscles of mastication. 

Sixth. Abducens, motion of the eyeball outwanl. 

Seventh. Facial, motor nerve of the face. 

Eighth. Acoustic; cochlear division, nerve of hearing ; vestibular 
division, nerve of equilibrium. 

Ninth. Glossop^ryngeal, nerve of the throat, sensory and motor; 
possibly of taste. 

Tenth. Pneumogastric or vagus nerve, larynx, and vital organs. 

Eleventh. Spinal accessory, nerve of the larynx and neck. 

Twelfth. Hypoglossal, nerve of the tongue. 

Each of these nerves has a peripheral course from the surface of the 
head, from some organ of sense, or from some group of muscles to its 
primary nerve centre lying upon the base of the brain. Plate XXV. 
shows the course and the distribution of the superficial nerves of the 
head and face. The deeper origin of the cranial nerves is shown in 
Figs. 52 to 56, 72, 73, 246, and 260. 

The primary centres or cranial nerve nuclei are closely joined to one 
another by association fibres, and their interaction is necessary in many 
reflex acts, such as the sniffing of an odor or a sneeze, tlic turning of 
the eyes and head toward an object seen, the vrinking caused by dust 
in the eye ; the motions of the face in smiling, frowning, or crying ; 
the po^ of the head in listening, or quick turning toward a sound, or 
a start with winking at a noise ; the involuntary swallowing of saliva 
or of tasting food, and the acts of respiration and coughing. 

Each cranial nerve is also connectra with the higher centres of the 
brain. Some are joined directly to the brain cortex. The majority 
have an indirect connection, the tract from the primary centre to the 
cortex being interrupted in ftie basal ganglia. This interruption is 
for the purpose of providiiqi; for the numerous unconscious and invol- 
untary automatic acts of high complexity which involve the codrdi* 
nated action of numerous widely separated centres. 

In studying the cranial nerves it is evident, then, that a sharp dis- 
tinction must be made between diseases in tiie peripheral part of the 
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nerve, diseases in the primary centres of the nerve, diseases in the intra- 
cerebral tracts of the nerve, and diseases of the secondary or cortical 
centres of the nerve. In this section the diseases of the peripheral 
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The baae of the brain and the crura, pona, and medulla, showing the superficial origin of the crania 
nerrea. I Xo XII, the cnnial nerros ; TA, optic thalamua ; *, pituitary body ; tc, tuber clneieum ; o, 
oorpora albloantla ; P, pea peduncull ; i, Interior and e.eztorlor geniculate body ; PV, pons VaroUl ; 
pa, anterior pyramid of medulla ; o, olive ; d, dccusaatlon of anterior pyromlda ; eo, anterior column 
of spinal cord ; et, lateral column of spinal cord ; Ck, cerebellum ; fl, fiocculus of oerabellum. (Allen 
Thompson.) 

part and of the primary Centres of the cranial nerves are considered. 
The diseases of the intracerebral tracts and cortical centres have been 
treated under brain diseases, pages 81 to 150. 

THE FZBST NERVE : TEE OLFAOTORY NERVE. 

The structure and course of the olfactory nerve to the olfactory bulb 
and from, the bulb to the brain is demonstrated in Figs. 65 and 251. 
prhnaiy neurones and the finer filaments of the nerve endings are 




THE CRANIAL NERVES. 


617 * 


situated in the Schneiderian membrane on die upper and middle 
turbinated bones and on the septum of the nose, all of which parts 
are pigmented. It is in the olfactory bulb that the primary sensory 
neurones terminate in a fine brush about the glomeruli of the nerve. 
(Fig. 251.) The course from the olfactory bulb to the brain must be 
reg^ed as an intracerebral tract. The mitral cells in die bulb are 


Fig. 251. 



torjr neurone; B, giomcrului of olfactory bulb; mitral ceila with dciidritoB In B and axonca in 1) 
olfactory lobe ; ^ grouulo cells ; F, ceils in olfactory lobe ; 11, U, dbres of oifiictory tract, (ICamon y 
Cgjal.) 

the secondary neurones which receive impulses from their dendrites 
about the glomeruli and send impulses along their axoncs in the olfactory 
tract to the cortex. Fig. 65, jiage 129, shows the course of this tract 
to its various terminal stations in the optic thalamus and in the cortex 
of the uncinate gyrus. The tlialamic centre is joined to the cortex by 
the fornix and fascia dendata. It is from the study of comparative 
anatomy that these facts are established. In man the olfactory 
apparatus has been reduced to an almost rudimentary state. 

Any disease that affects the terminal filaments of the nerve in the 
mucous membrane of the nose will suspend the sense of smell. This 
symptom is termed anosmia. Acute or chronic catarrhal affections of 
the nasal organs, arrest of the nasal secretion, which occurs when the 
fifth nerve is diseased ; tumors of the nose, or polypi ; caries of the 
ethmoid bones, or ethmoiditis, or diseases which interrupt the trans- 
mission of impulses to the olfactory bulb will cause anosmia. Menin- 
gitis upon the base of the brain, fractures of the base of the skull, 
and tumors of the bone or of the brain in the anterior fossa are capable 
of tearing or destroying the fine filaments of the olfactory nerve or of 
separating them from their connection with the bulb. Any disease 
which destroys or compresses the olfactory bulb or tract or its terminal 
station in the cortex will have the same effect. An arrest of activity 
of this centre occurs in hysteria. 

The sense of smell has much to do with our appreciation of taste, 
and when it is lost it is impossible for the patient to perceive very 
delicate differences of taste in various substances. This may be the 
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symptom first noticed by the patient Loss of the sense of smell is a 
symptom which is not often perceived spontaneously as long as the 
disease is unilateral; hence it has to be sought for by testmg the 
patient with various fragrant substances. The tests are best made 
with various perfumed powders or essential oils, for it is to be remem- 
bered that ammonia, alcohol, and vinegar, which are commonly used 
for this purpose, produce irritation of the fifth nerve as well as of the 
first, and should not be used as teste. The symptom is of interest 
chi^y as an indication of disease in the anterior fossa of the skull, 
such as tumor or abscess of the brain. A primary isolated neuritis 
of the first nerve has not yet been recorded. It occurs only as a 
result of nasal disease. Atrophy of the olfactory nerve has been said 
to occur as a complication of tabes. It must be the terminal lesion in 
any destruction of the nerve fibres. Irritation of the olfactory organ 
or of ite cortical centres may cause hallucinations of smell (parosmia). 
This is seen in epilepsy and in insanity. (See page 787.) 

THE SECOND NEEVE : THE OFTIO NEBVE. 

Anatomy. — For the finer anatomy and physiology of the optic 
apparatus and retina the r^er is referred to the text-books on 
ophthalmology. 

The anatomy of the optic nerve and ite connections with the brain 
are shown in Fig. 252. 

Many primary optic neurones are situated in the retina, their 
dendrites being connected with the rods and cones, and these send 
their axones to the primary optic centres in the thalamus, corpora 
geniculate, and corpora quadrigenlina. It will be noticed that some 
cell bodies in these basal ganglia send their axones outward to the 
retina, where they terminate in the rods. Thus the optic nerve con- 
tains fibres which pass in both directions. The optic nerves pass 
backward from the eye to the optic chiasm, where a partial decussation 
of the fibres occurs, the majority crossing over to the other side to 
enter the opposite optic tract and the minority turning directly into the 
optic tract of the same side. The crossing fibres convey impulses 
from the inner or nasal half of the retina, and hence tbeir injury 
causes blindness in the outer or temporal portion of the visual field, 
which is much the huger portion. Fibres from the macula lutea, 
which convey central visual impulses, pass from each eye to both 
optic tracts ; hence central ,or direct vision is never afiected by a lesion 
in the optic tract. (See Fig. 253.) The optic tracts, containing 
fibres from both eyes, curve about the crura cerebri and terminate in 
the primary optic centres, as shown in the diagram. A lesion of one 
optic nerve causes blindness of one eye. A lesion of the optic chiasm 
causes partial or total blindness, according to the number and position 
of ’the optic fibres destroyed. If the lesion involves one lateral part 
only of the chiasm (Fig.'^53, yil), the fibres ftom the temporal half of 
the r^fia, are involved, and h unilateral nasal hemianopsia is caused, 
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that is, a blindness in the inner portion of the visual field of one eye. 
If the lesion involves the anterior or posterior |Mirt only of the chiasm, 
the fibres which come from the nasal halves of the retinas are involved, 

Fio. 252. 



magniii of the optio nerres and tncts. On the right of the figure the maeaoe of gray matter lA the 
baealgan^laareehoirn, iWe,puIrioBr of the optio thalamue; A, paateriornucleaaoftheoptlothal- 
Bmua lying between the ooipua geulculatum externum egt, and the corpua geniculatum Internum cgi ; 
tC, internal capsule ; ii*, fillet ; RN, red nueleua of the tegmentum ; PRO, peduncle of the oerebrum ; 
Sn, aubetantla nigra; OT, optio tract; X, optic ohiaam; II, optio nsrre; 1, 2; fibrea ftom the retina to 
the pulrlnarof the optio thalamus; 1, centripetal; 2, oentrifligal; 7, t, flbiea betweeu the optio thal- 
amus and the occipital cortex ; 3, 4, fibrea between the retina and the ootpus geniculatum externum ; 
9, to, oorteepondlng fibres to tto oodpltri cortex ; II, 6, fibres between the retina and the corpus qnad- 
tigemlnum anterior; 11, 12, eorreaponding fibres to the ocolpltsl cortex— for the sake of dlatinetneas 
the deouaaating optio fibres only are traced ; 13, odl of the auperfioial gray matter of the CXIA passing 
to the noeleoa of the Uiird nerre (M) ; 14, odl of the deep gray of OQ,! peasing to the third nerve 
Dudena ; IS, odl of Uie deep gray of OlA sending fibre into the fillet ; 17, fibre from tbS red nnolens, 
terminating about 14; 13, fibre from the fillet, terminating about 13; Oh, occipital lobe of the brain 
with its cortex, containing both cells and terminal brnshes of the visual tract. (Starr, Atlas of Nerre 
Odla.) 
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and a bilateral temporal hemianopsia is caused, that is, a blindness in 
the outer portion of the visual field of both eyes. This is termed 
heteronymous hemianopsia. If the lesion involves ihe optic tract 
after the decussation, a blindness in one-half of both eyes is caused, 
and the patient is deprived of seeing anything to one side of the middle 
line. This is termed homonymous hemianopsia. 


Fig. 253. 



The relation In the optic nerves, optic chlaam, and optic tracts of the flbres from the nasal half (fn), 
temporal half {ft), and central spot {/m) of the retina ; XU, optic nerve ; BIT, optic tract ; xll, optic 
decussation. The lea figure shows the fibres which cross ; the right figure shows those which do not 
cross ;/■, pupillary fibres. (Dejerine.) 


In none of these forms of hemianopsia is central vision impaired. It 
is only affected in lesions of the nerve itself. The acuteness of vision 
is best tested by Snellen’s test types, type No. xx as seen at twenty 
feet being taken as indicating normal vision 

The extent of the visual field is to be determined for each eye sepa- 
rately. This is to be done by having the patient fix each eye in turn 
on that of the examiner, the other eye being covered, and then notice 
whether he can see the hand of the examiner or a small white object 
held by him as it is passed outward from the centre of vision on all 
sides. The retina is less sensitive in its peripheral parts, and the less 
the illumination of the test object the less distinctly is it seen. The 
luminosity of blue, red and green are. less than white in the order 
named ; hence the visual field is greatest for white, next for blue, next 
for red, and least for green. 

Contraction of the visual field for white or colors as well as defect 
in the visual field is an important symptom. 

The optic nerve contains some .fibres which pass to the motor 
mechanism controlling the action of the iris. (Fig. 263, P.) Hence 
impressions of light cause a narrowing of the pupil. If one optic 
nerve only is destroyed the pupil reflex is . lost in toat eye when it is 
expos^ to light. But as this reflex is bilateral, light in the unaffected 
eye will cause a contraction of the pupil in the blind eye. The fibres 
which subserve this pupil reflex decussate at the chiasm. Hence if 



THE SECOND NERVE: THE OPTIC NERVE 621* 

one optic tract be injured, its functioa suspended, we have not only a 
bilateral hemianopsia, but also an interference with the pupil reflex. 
This is difficult to determine, for, as already stated, the reflex is a 
bilateral one, and light thrown on the unaffected parts of one of tlie 
retinae is capable of causing a prompt narrowing of both pupils. If, 
however, the patient be examined in a dark room, the eyes be only 
faintly illuminated, so that the pupils are fairly dilated, and then a 
ray of light be thrown by a mirror from one side carefully upon the 
blind side only of the retina, no pupil reflex will ensue. This indi- 
cates infallibly a lesion of the optic tract, or basal ganglia, as it docs 
not occur in cases where the hemianopsia is due to lesion elsewhere in 
the visual tract, as, for example, in the occipital lobe. It is termed 
Wernicke’s test for a hemiopic pupillary reflex. 

In lesions of the optic tract the hemianopsia affects color sense as 
well as white and object vision. It is only in affections of the visual 
centres in the cortex of the cerebral hemisphere tliat hemianopsia for 
color, with preservation of sight for white and objects, has been 
observed. This is called hemichromatopsia. (Sec page 119.) 

Diseases of the Optic Nerve. 

Hirperamia and anaemia of the optic nerve accompany correspond- 
ing conditions of tlie brain, but unless very extreme, are not easily 
recognized, even by experts, as the normal tint of the retina and the 
normal calibre of (he bloodvessels differ in different individuals within 
very wide limits, like the color of the hair and of the skin. 

Gowers states that a state of hypenemia may be admitted when tlie 
disk is dull red or brick color and when the edge of the disk cannot 
be distinguished from the rest of the retina. Such a condition is 
usually associated with a hypersensitiveness to light and pain on using 
the eyes. The causes of hyperssmia are overaction or strain of the 
eyes due to refractive errors, or the use of the eyes in intense glare and 
heat, -or inflammation of the conjunctiva, iris, or choroid, or some 
toxsemia, or some form of cerebral or spinal disease. The condition 
has been observed in many different types of insanity, but no form of 
insanity is particularly clmracterized by this symptom. It is a matter 
of dispute whether the chronic forms of spinal disease which lead to 
atrophy produce a preliminary hypersemia or anemia. I have never 
observed any indication of either condition in cases which I have 
observed. 

The pallor of anemia is almost as great as that of atrophy, and in 
the early stage of atrophy they cannot be distinguished. The causes 
of anemia of the disk are those of general anemia. A sudden anemia 
due to embolism of the central artery of the retina always causes sud- 
den blindness in one eye, and the contrast between the appearance of 
the two eyes serves to establish the existence of unilateral ansmia. 
The arteries in one ratina are seen to be small and empty. A moder- 
ate d^ree of ansemia may be caused by disease of the bloodvessels and 
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may lead to temporary blindnese. This was tlie case in a woman sixty 
years old, who had aortic obstruction and extensive general endarteritis 
not specific in origin. She had suffered from unilateral headaches for 
some years. On November 1st she took a coal-tar remedy for head- 
ache, which probably depressed the heart, and within a few hours she 
noticed a great dimness of vision in the right eye. This increased 
rapidly ; in two days she was nearly blind, and on December let the 
right eye was totally blind. Three days later vision began to return 
in this eye, and by January 1st was fairly good. But during the latter 
part of November the left eye .began to fail, and by the middle of 
December, while the right eye was recovering, the left eye was totally 
blind. In February the left eye also improvtd, and she finally recov- 
ered vision in botli eyes. During all this time the disks were pale, the 
arteries small but not obliterated, and the veins were distend^. She 
icould see better when lying flat on her back than when standing. The 
absence of visible neuritis, the- marked arterial anaemia, and the exist- 
ence of general endarteritis with aortic obstruction, and the recoveiy, 
prove tho symptoms to have been due to circulatory conditions. The 
treatment, which consisted of full doses of iodide of potassium, 90 grains 
daily, with strychnine and digitalis, was attended not only by relief of 
die blindness, but also of the headaches, which were probably due to 
the same cause. 

Thrombosis of the Retinal Artery may cause local anaemia of tlie 
retina, and may be followed by oedema and hemorrhagic effusion, a 
condition exactly like that which occurs in die brain. This was the 
condition found in the following case : A boy, aged thirteen years, had 
. had a continued fever for six weeks with temperature between 99° and 
102° F., supposed to be enteric, but probably malarial, as the blood 
examination showed the presence of two generations of tertian malarial 
parasites^ He then developed dimness of' vision in the left eye and 
then in the right. His optic disks were swollen three diopters, with 
flame-like appearance about the disk. In the left eye a wedge-shaped 
area extends up and in from the nasal side of the disk, and was color- 
less ) the retinal artery on this side was small; the veins were normal, 
numerous dots about the macula indicating plastic exudation. This 
condition slowly improved. Later a marked picture of thrombosis 
of the retinal veins developed in the rig^t eye, with a narrowing of 
the arteries and much plastic exudation about the disk, and a few 
retinal hemorrhages. This too gradually subsided, and after four 
months the optic nerves presented a fairly normal appearance and his 
vision had returned. The ori^n was presumably nularial infection, 
as nephritis was not present, and there were never any signs of cerebral 
disease. 

I have seen thrombosis of retinal arteries as^ated with symptoms 
of general cerebral arterial disease which subsequently caused death. It 
is to be regarded, therefore, as a condition of prognostic importance as 
indicating a widespread aiierial disease. The treatment must always 
be direct to a removal of the cause. 
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(Edema of the Optic Nerve. “ Ohoked Disk." — The optic nerve 
at its exit from the eyeball receives a double sheath, one layer of which 
is continuous with &e dura mater and the other with the pia mater. 
When fluid accumulates under pressure within the cranium it therefore 
finds its way into the space between these sheaths, distending the dural 
sheath and compressing the nerve at its exit from the eyebdl. Such 
compression is telt earlier by the lymphatics and veins than by the 
harder nerve fibres, and the consequent result is a dropsical eflusion 
into the intraocular portion of the nerve from transudation of fluid 
from the obstructed vessels. This causes a swelling of the optic disk 
visible to the ophthalmoscope and causing an appearance sliown in Fig. 
254. Such a swelling may exist for some time without any impairment 


Fio. 254. 



SwoHendldtln a case of chnnlo meningitis. (T.lc1>reteh.) 


of vision, hence the importance of ophthalmoscopic examinations in cases 
without ocular symptoms. The experiments of Mens* have demon- 
strated that this swelling of the nerve may come and go rapidly and 
may vary greatly in d^ree, according to the varying amount of intra- 
cranial pressure. The oedema is always attended by venous congestion, 
but no inflammatory changes may occur, and it is therefore erroneous 
to identify choked disk with optic neuritis. It is not* infrequently 
accompanied by hemorrhages in the retina. Ohoked disk will occur 
under any condition which obstructs the circolation< in the eye or in- 
creases the intracranial pressure. It is very common in tumors and 
> Men, Arch, of Ophthalmology, July, 1901. 
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the brain, occasionally occurs temporarily after large 
, and not infrequently accompanies Bright’s disease or 

, , tns in which general oedema is a symptom. 

‘ The only positive means of diagnosis is by ophthalmoscopic exami- 
nation. In tnany cases when the choked didc has lasted for some time 
> vision is impaired and the visual field is diminished in' extent. In a 
few cases it produces no symptoms. In some cases it causes a rapidly 
advancing blindness. But in any case this blindness may pass away 
as the oedema of the nerve subsides, provided a true neuritis or atrophy 
does not ensue. Choked disk is usually bilateral, but may commence 
in one eye some time before it appears in die other. In some cases it 
goes on to neuritis and to atrophy. Cases have been recorded of 
^oked disk without other symptoms and without apparent cause. In 
two such cases, reported by Brudenel Carter,’ unsuspected tumor of the 
brain and latent abscess of the sphenopalatine fossa were eventually 
proven to be the cause. 

Optic NeuritiB. Etiology. — Optic neuritis occurs occasionally with- 
out apparent cause, and must be regarded as an idiopathic affection. It 
has b^ known to be hereditary, and develops about the age of twenty 
and goes on to blindness. In the majority of cases, however, it is 
secondary to other conditions. It may be due to genend poisons in the 
blood, such as produce multiple neuritis, namely, alcohol, lead, arsenic, 
mercury, and tobacco. It is the patholc^cal state which is present in 
so-call^ toxic amblyopia and in the affection described by ophthal- 
molo^sts as retrobulbar neuritis ; where the fibres passing from the 
macuk lutea are especially involv^. It may occur as a sequel of any 
of the infectious diseases, esp^ially malaria. It also occurs occasion- 
ally as a symptom of severe chronic anemia, of pernicious anemia, 
leucocythemia, and diabetes. It may be syphilitic in origin. It is a 
frequent symptom of nephritis. It is supposed to be cau^ by rheu- 
matism, by gout, or by taking cold. Optic neuritis may be secondary 
to a meningitis, in which case the infian^ation extends directly along 
the sheath of the nerve. Its most common cause, however, is from 
pressure within the skull exerted either directly by tumor or abscess of 
, the brain, or syphilitic exudations upon the l^se of the brain, or by 
f; the pressure of fluid in the ventricles. Much discussion has been de- 
!• voted to the cause of optic neuritis in iiitracrahial dis^ise. It may be 
due to the increase of pressure writhin' the bead, producing oedema of 
the nerve trunk and a secondary ueuritii^ as Parinaud affirms. This 
theory is confirmed by the fikct of the rapid subsidence of all the ap- 
pearances of optic neuritis in oases of brain tumor when the skull is 
opened and the intracranial pressure relieved. Thus in one case 
recorded by Harvey Cushing* a swdling of seven diopters was entirely 
reduced within twenty-four hours of <ui operation and within a week 
the optic neuritis h^ wholly disappeared. , It may be due to a direct 
infection of the nerve by prraucts of dise&se within the bnun,a8 Leber 
qpd Beutschmann haW long maintained, although the rapid subridence 

s,’ ' ^ ‘ ^ ‘GitFoid Allbatt’s fiTatetn of Medicine^ vcd. ri., n. 842. 
t' . ' ' . *Siugex]r, Qynaoblogjr and Obstetrical Oct., 1(K>& 
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PLATE XXVI 

Fig. 1. 



Normal Eye-ground (average tint). (Norris and Oliver.) 


Fig. 2. 



Ophthalmoscopic Appearances in Early Stage of Optic Neuritis. 

(Norris and Oliver.) 
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after relief of pressure throws doubt upon this theory. In all these 
cases optic neuritis is usually bilateral, though in tumors of the brain, 
upon the base, with direct pressure upon the nerve, it is possible for the 
nerve on the side of the tumor to be affratcd much sooner than the other. 

Symptoms. — The symptoms of optic neuritis are a sudden or gradual 
failure of sight, objects becoming blurred, as if a fog were between the 


Fia. 255. 



Acute optic neurlUe, Note diak much awollan ; eettmated at + 7 D. Edge Indlatlnct ; resaela 
obacured at edge ; large number of heiuonbagea around the dlak, patchea of oedema in the retina, relna 
very tortuona. (Foaey.) 

eye and the object. Some patients complain of sensitiveness to light 
and of distress in using the eyes. There is also a diminution of the 
visual field and a lack of distinctness of color vision, blue being lost 
first. In some oases irregular blind spots develop in the visual field. 
It is rare for total blindness to occur as the result of optic neuritis 
within six months of the onset. The progress of the blindness is con- 
tinuous unless the cause can be remov^. 

Diagnosis.^ — A diagnosis can be made only by an ophthalmoscopic 
examination. The figures on Plate XXVI., show the appearance of a 
normal retina and of a nerve in the early st^ of optic neuritis. (See 
also Fig. 255.) It will be noticed that the changes are very marked 
in the bloodve^ls of the retina, the arteries being smaller and the veins 
being distinctly ccmgested. Their point of exit in the disk is often 
obscured. It will be noticed that the outline of the disk in the early 
stage is no longer clear and in the later stage is completely obliterated. 
The peculiar striated appearance about the disk is quite evident in the 
figures, being more marked in the later stage of the disease, and this 
striation is partly yellowish and partly red, in contrast to the uniform 
40 
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color of the retina in health. In . the later hemorrhagee in the 
retina are evident, being indicated by red or yellowish-white plaques. 
Small whitish or yellow spots are also seen which are due to exudation 
of inflammatory products. There is an actual exudation within the 
nerve trunk, so that the optic disk is actually swollen. Its height can 
be estimatecl by the ophtlmlmoscope (1 diopter equals } mm.), but the 
first evidence of this swelling is the disappearance of the clear central 
space known as the physiological cup. If the condition subsides there 
is a gradual reduction of this swelling and little by little a return to 
the normal appearance of the disk. While the diagnosis of the exist- 
ence of optic neuritis is easily made by the aid of the ophthalmoscope, 
it is by no means easy to determine in every case to what the (condi- 
tion is due. If to the symptoms of neuritis there are added headache, 
malaise, attacks of vertigo, disorders of digestion, with nausea an(i 
vomiting, and some irregularities of circulation, and the patient’s 
health, strength, and nutrition suffer tlic question at once arises whether 
these are the symptoms of tumor of the brain, chronic tulacrcular men- 
ingitis, general arterial disease, nephritis, or merely of general nntemia. 
I have seen two patients suffering from these symptoms during several 
months and not a little distressed mentally lest they might l)e develop- 
ing a fatal affection. Both were young women suffering from ansemia 
and also from very irregular painful menstruation due to endometritis. 
But in both the severity of the nervous symptoms had awakened the 
fear of brain tumor. Both eventually recovered under general tonic 
treatment. In such cases the diagnosis can be reached only after a 
considerable time, the lack of development of local brain symptoms, 
especially in the cranial nerves, the existence of normal powers of sen- 
sation and motion, and of normal reflexes being negative symptoms of 
great value. On the other hand, the appearance of localizing brain 
symptoms may confirm the suspicion that die neuritis was the first sign 
of serious intracerebral disease, especially of tumor or abscess. I have 
seen this condition as an early symptom of serious arterial disease, which 
led rapidly to multiple cerebral thrombosis with aphasia and hemiplegia 
and death. It is well known that a very common cause of optic neu- 
ritis is Bright’s disease, and it follows that an examination of the urine 
should be made in every case. It is never to be forgotten that abuse 
of alcohol and tobacxK) combined may be the cause of optic neuritis and 
may also produce other nervous symptoms. I have seen such a con- 
dition in young women addicted to champagne and cigarettes, as well 
as in many young men of nervous constitution who were victims of 
the same habits. It is evident, therefore, that in any case of optic 
neuritis great caution should be exercised in giving a prognosis, every 
etiolo^c^ factor should be investigated, and the course of the case 
should be watched with extreme care. The lesion in optic neuritis is 
similar to that already described as a diffuse neuritis (page 164) there 
being a congestion of the vessels, an effusion of serum and blood 
oclls, of leucocytes, and nuclei in the endoneurium, as Avell as a 
pc^nchymatous degeneration of the nerve fibres. 

PrognosiB. — The prognosis in the affection will depend entirely upon 
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the possibility of removing the cause. Even when the optic neuritis 
has been quite extreme recovery is still possible. Thus, jrfter absorp- 
tion or removal of tumors of the brain I have frequently seou recovery 
of vision when the blindness had been so extreme as to incapacitate 
the patient from recognizing even the largest letters upon tlie test card. 

Treatment. — The treatment for the affection is the removal of the 
cause, if possible, and complete rest of the eyes, which should be shaded 
from the light. The ophthalmologists prescribe strychnine by hypo- 
dermic injections or by the mouth in large doses, increa^ 

at each injection until in ten days ^ grain is given, and this drug will 
certainly stimulate the nerve to activity, even when in a state of 
neuritis. Whether such stimulation is desirable may be open to 
question, and certainly this treatment has no effect in other forms of 
neuritis, excepting a temporary effect of stimulation of the functions 
of the nerve. The use of mercurial inunctions and of full doses of 
iodide of potassium is recommended both in syphilitic and non-syphi- 
litic cases. The local depiction by wot cups or leeches to tlie temple 
is often beneficial in the early sta^. In ansemic cases general tonics 
are of benefit. 

Cushing advises that in all cases of optic neuritis or of choked disk, 
whether from intracranial prtjssure or from Bright’s disease, a relief 
of pressure be secured cither by frequently re|)eated lumbar punctures 
or by decompressing operations upon the cranium. In this way sight 
may be saved. See page 606. 

Optic Nerve Atrophy. Etiology. — Optic neuritis in many ciiscs 
goes on to a gradual atrophy of the optic nerve, which is then spoken 
of as consecutive, and in such cases the atrophy is the terminal result. 
Increased pressure within the cranium may produce atrophy without 
any primary neuritis, the nerve appearing to undergo a degeneration 
from the start, there being no initial process of congestion, such as 
occurs in neuritis. A secondary atrophy also occurs after lesions of 
the nerve in the orbit or after affections of the optic chiasm and tract. 
Optic atrophy may, however, occur as a primary affection without any 
preceding intracranial pressure or disease. Some cases are congenital 
or develop very sopn after birth from actual congenital defective 
development of the optic nerve. In these cases other nervous symp- 
toms usually indicate an imperfect development of the nervous system, 
such as imbecility and idiocy, or spastic paralysis. These cases have 
been described most fully by &ch8.‘ Vogt has observed the same con- 
dition developing in children at the age of eight or ten. In many cases 
primary optic atrophy is a condition associated with other diseases, 
though it can hardly be called secondary to them. This is notably the 
case in locomotor ataxia, in disseminate or multiple sclerosis, and in 
paresis. In all of these diseases the occurrence of optic atrophy is an 
exceedingly serious complication and probably due to the same cause 
which p^uces the original affection. It may be tlie first lesion pro- 
duced by this cause, l^us in locomotor ataxia 10 per cent, of the cases 

'Amsarotic Family Idiocy, Journal of Kerrona and Mental Digeaae, 1887, p. 541, 
and 1003, p. 1. 
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b^n witib optic atrophy. And in multiple sclerosis 52 per cent of the 
patients develop this complioation. Optic atrophy may occur as the 
result of poisoning by tobacco, alcohol, lead, and quinine. It may 
occur as me result of the various infeotious diseases and of diabetes, 
and in some oases has been ascribed to cold. 

Symptoms. — The symptoms of optic atrophy are a gradually increas- 
ing blindness, a diminution of the visual field, progressively increasing 
from without inward, so that finally only centrid vision is possible, and 
very often a defective color vision, the fields for various colors being 
either progressively reduced in extent or altered in their extent. In 
some cases irregularly situated blind spots, sometime^ central, develop 
< — the so-called central scotoma. Pain in the eyes and discomfort aflra 
their use or after exposure to strong light are often felt. 

The appearances in optic atrophy are demonstrated in Plate XXY II. 
where both gray and white atrophy are shown. The ophthalmoscopic 
appearances in optic nerve atrophy are not Uniform. When the atrophy 
is secondary to the optic neuritis there are, first, the ordinary changes 
.observed in the neuritis, and then, as the swelling and congestion sub- 
side, the disk once more becomes evident, has a clearer and clearer out- 
line, but an unusually white appearance, until finally it presents a 
perfectly white spot in the retina. The arteries are noticeably dimin- 
ished in calibre. When the optic, atrophy is primary and is not pre- 
ceded by a neuritis there is a gradual progressive change in the appear- 
ance of the normal disk, whi(£ becomes more sharply outlined, loses its 
pink tint, and becomes more and more gray, or even clear white in color, 
the arteries and veins preserving their normal calibre. After a time the 
lamina cribrosa at the bottom of i^e disk may become evident, the ap- 
pearance presented resembling h fine sieve. The lesion in optic atrop% . 
is a pn^ressive parenchymatous neuritis without any interstitial change. 

Diagnosis. — The dia^osis of the underlying condition in a case of 
optic atrophy is of as great importance as in a case of optic neuritis. 
Toxic amblyopia should be first excluded. Symptoms of oiganic bmin 
or spinal-cord disease should be looked for. The mental characteristics 
of Ae patient -should be considered, and changes indicative of begin- 
ning paresis should not be overlooked. And the case should be watched 
for a long period before giving a diagnosis of primary optic atrophy. 
More thm one-half of the oaSee eventmdly develop some form of spinal 
sclerosiB. 

Prognosis. — The prognoms in cqitic nerve atrophy is much more 
serious than in optic neiq|ritis, for 'while the latter may go on to 
recovery, the former is progresfflve, and treatment, unless directed to 
the cause, is not sucbessml. . 

Treatment. — The progress of tire case may be dekyed by the nee 
of tonics, by everything which iinprovcB the general health, and by 
the hypodermic use Of strychnineii fopm ^ up to 4- gniu ^ly, the 
dofie'^ing incrfeseed tAowly, or of the chloride of gold, or nitrate of ' 
i^ver^ or of nitroglyceriiit Becentiy hjrpodermic injections of hormal 
sa^^ solution benea^ the conjunctiva have been recomineiidea. They - 
have not been nseftil in my cases. . ^ 




PLATE XXVII 



Primary Atrophy of Optic Nerve (Spinai Post-papiililic or Consecutive Atrophy of 
Atrophy). Modified from Haab. the Optic Nerve. Modified from Juier, 



Embplic Atrophy of the Optic Nerve. (De Schweinitz, in Dercum's Nervous Diseases.) 
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THE THIRD, FOURTH AND SIXTH NERTES: THE MOTOR NERVES 
OF THE EYEBALL. OFHTHALMOPLEQIA. 

The eyeball and eyelid are moved by numerous muscles supplied by 
these th^ nerves, as follows : 

The third nerve supplies the ciliary muscle, sphincter iridis, levator 
palpebrsa, superior rectus, internal rectus, inferior rectus, inferior 
oblique. 

The fourth nerve supplies the superior oblique. 

The sixth nerve supplies the external rectus. 

The branches of the cavernous plexus of sympathetic nerves sup- 
ply the dilator pupillss. These nerves arise from groups of cells 
lying upon the floor of the aqueduct of Sylvius and of the fourth 
ventricle of the brain. (Fig. 256.) The groups are closely joined to 
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Sagittal section throngfa the cerobral axil, to sboir the nuclei of the ocular ncirea In the floor of 
the aqueduct of Sylrlns and the fourth ventricle, and the course of the nerves to their exit The 
various groups of crtls bom which the third nerve arises are seen. Slf, red nucleus of tegmentum ; 
t, lemniscus (senaory tract) ; CC, motor tract in the crus cerebri seen to traverse the pons and enter 
the anterior pyramid of the medulla. 


each other by association fibres, the longest of which, between the 
third and sixth nerve nuclei, pass in the posterior longitudinal 
bundle. 

The location of the nuclei of the oculomotor nerves and the function 
of each group of cells has been the subject of much discussion, and 
unanimity of view has not yet been reached, though die subject has 
been approached from the side of comparative anatomy (Spitzlm, Edin- 
ger), embryology (von Gudden, Edinger), physiologic^ experimenta- 
tion (Hensen and YSlchers, !^mheim), and pathology (Westphal, 
Kahler, Pick, and Starr), as well as from the histologic^ standpoint 
(Kolliker, Perlia, Bruce). V ^ ^ 

The third nerve nucleus consists of a long column of cells which 
b^n in the gray matter of the wall of the third ventricle near the 
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posterior commissure ou the median surface of the optic thalamus, and 
extends for almost a centimetre in length under the floor of the aque- 
duct of Sylvius downward to the level of the corpora quadrigemina 
posterior. Just posterior to this column lies the group of cells giving 
origin to the fou^ nerve, and about 3 cm. below in the pons is the 
sixth nerve nucleus. The column of cells making up the third nerve 
nucleus can be divided into a number of groups. These groups, their 
connections, and their special functions are shown in Figs. 256 and 


Fia. 267. 
Nwil. med. ant. 


Nucl. Edinger-We»tpkal 


Levds of lecUons from 
vhich the figures ac- 
eompmylng JYrlla's 
article were taken. 


Nucl. lot. ant. 
(Darksckemtsch, 


Nucl. dors. I [ant.) 


Nud. vent. I {ant.) 

Nud. centralis 
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(V. (Judden) 


Nud. rent. II ( post.) 

Nud. Trochl. 



Scheme of the nuclei of the ooulomotnr nerve. (After Perlia, Arch, C Ophtit, Lelpilg, 
M. XXT., Abth. iv., a 297.) 


257. That each group controls a single muscle is proven by the fact 
that small lesions limited to diflbrent parts of the column of cells and 
affecting certain groups or their nerve roots only produce different 
forms of paralysis of the eyeball. A study of the combination of 
paralyses observed in various cstses enabled the writer (in 1888 ') to 
offer the following schema of the order in which the muscles are rep- 
resepted these groups : 

* Joitm. of Nenr. and Meat Dis., toI. xv., p. 301. 
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Tabus XVII. — Arbanokment of III. Nerve Nuclei. 
Bight Side. 


r Ciliai 7 muscle. 
Bectus intemos. 


Median line. 


-{ Bectua inferior. 


I, Bcctos externuM. 


Sphincter iridis. 
I.«vator paliiebne. 
Rcctua BU^rior. 
Obliquua inferior. 
Obliquus superior. 


Subsequent observations liave lent support to this localization. 


Third Nerve Paralysis. 

The third nerve, after arising from its groups of cells upon tlie floor 
of the aqueduct of Sylvius, sends its various roots tlirough the teg- 
mentum of the crus cerebri, which traverse on their way the red nu- 
cleus of the tegmentum and make their exit in a large bundle on the 
inner side of the crus iu close apposition to the third nerve of the op- 
posite side. Lesions of the groups of cells of origin of the tliird nerve 
may produce a partial paralysis of the ocular muscles. So, too, may 
lesions of the roots of the third nerve in their passage through tlie crus. 
But lesions of the nerve after its exit cause paralysis of all tlie muscles 
which it supplies. The third nerve passes from its superficial origin 
iu the crus forward to the sphenoidal fissure, and thus into tlie orbit, 
where it divides up in the various small branches going to the muscles 
already named and to the ciliary ganglion. 

Etiology. — Lesions upon the base of the brain lying near the crus 
or between it and the exit of the nerve into the orbit are particularly 
liable to produce paralysis of the third nerve. Meningitis, either sim- 
ple or tubercular, abscess of the bruin, and hemorrhages on the base 
often involve the nerve. In meningitis in infants it is often the nerve 
finst affected. Syphilitic exudations upon the base of the brain and a 
syphilitic neuritis with infiltration of the sheath of the nerve arc the 
most common causes of third nerve palsy. Tumors of the brain lying 
in this locality or lying in such position as to displace the brain axis,, 
and thus cause traction upon the nerve, may also produce thinl nerve 
paral,ysis. In both these conditions other symptoms of the disease 
accompany the ocular palsy and give a clue to the diagnosis. The ocu- 
lomotor nerve is rarely injured within the orbit, inasmuch as it is well 
protected, but occasionally in fractures of the base tlie nerve will lie 
torn, and severe falls and blows upon the head have been known to 
cause the Iiraisiug of the nerve. against a sharp cilge of the sphenoidal 
fissure. Thus in a patient under my ovra observation a fall from a car- 
riage upon the side of the head produced a sudden paralysis of the third 
nerve which remained about six months and then gradually recovered. 
Tumors within the orbit and anything producing extreme exophthal- 
mus may by pressure or stretching involve one or more branches 
of the oculomotor nerve, and thus cause a partial paralysis. Thus in 
a patient with exophthalmic goitre and very extreme exophthalmus I 
have seen ab inability to turn the eye inward and upward which sub- 
sided when the exophthalmus disappeared. Oculomotor palsy may 
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occur as a complication of diphtheria and of typhoid fever, and, in fact, 
it has been recorded in many different forms of multiple neuritis ; 
under these circumstances it is usually bilateral. German authorities 
affirm tliat a temporary oculomotor palsy may be produced by poison- 


Fig.258. 



A aectlon through the eras cerebri, showing the origin, course, and exit or the oculo* 
motor nerves. (Edlngcr.) 


ing with sausage, fish, or meat that is diseased. Ijastly, it is supposed 
tliat the effect of cold may produce a sudden oculomotor palsy of tem- 
porary duration, but this is certainly very rare. 

Symptoms. — The symptoms of third nerve paralysis are ptosis or 
falling of the upper eyelid, dilatation of the pupil, and loss of reflex 
action both to light and to accommodation and a turning outward and 
slightly downward of tlie eyeball owing to the unopposed contraction 
of the external rectus and superior oblique muscles. The strabismus 
is attended by double vision and often by vertigo and 
^it.' V There is an inability to torn 

iq»prd, owing to the paralysis of the superior, infenor, and 'intetmal 
m^lmuscles. The paralysis of the inferior oblique musde i8:id80 
jll^Sent, but does not produce a visible deflection of the eye when the 
^ superior oblique is capaUe of acting. Ptosis is complete, so that the 
^ patient is unable to open the eye sufficiently to see, although he usually 
makes efforts in this direction by elevating the eyebrow to the utmost 
limit ; hence in such patients wrinklmg of the forehead is more pro- 
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noanced on the side of the paralysis. Fig. 259 shows this condition. 
In cases where tiiu cause can be removc<l by trcsitmcnt the prognosis is 
good, and even in cases of injury and disease of the nerve from cold, 
recovery, as a rule, ensues. 

The nerve is inaccessible to Fia. 259 . 

any form of electrical treat- 
ment, therefore it is impos- 
sible to treat the |mralysis. 

The Pupil and Its Nervous 
Mechanism. — The action of 
the pupil to light and to ac- 
commodation is a reflex act in 
which the optic, oculo-motor, 
and sympathetic nerves take 
part. 

The contraction of the pupil 
to light is protluced by im- 
pulses passing from the retina 
to die corpora quadrigemina 
anterior; thence to the ante- 
rior group of cells in the third 
nerve nucleus, thence in the 
third nerve to the ciliary gan- 
glion, from which the short 
ciliary nerves go to the iris, 
which contracts by closure of 
its sphincter. 

Any lesion which breaks this reflex arc will arrest the contraction 
of the pupil to light. The dilatation of the pupil in darkness or in 
distant vision is produced by impulses passing to the dilator pupillse 
through the sympathetic nerves from the cilio-spinal centre in the 
ciglith cervical and first dorsal segments of the spinal coni. These 
spinal centres are connecteil with the corpora quadrigemina by nerve 
fibres which pass in the tegmentum of the pons and medulla and in the 
antero-lateral columns of the upper cord. The sympathetic nerve fibres 
leave the spinal cord in the first dorsal nerve root, pass to the superior 
Cervical ganglion, thence in the carotid or cavernous plexus to the 
Gasserian ganglion of the fifth nerve, and thence by way of the first 
branch of the fifth nerve and the long ciliary nerves to the iris. The 
cilio-spinal* centre in the spinal cord receives impulses from many 
directions, any one of which is capable of producing a dilatation of the 
pupil. Thus irritating impulses coming in through the lower cervical 
and upper dorsal posterior spinal nerve roots from the skin of the neck, 
or if of sufficient intensity from any region of the body, can cause such 
a dilatation. It is possible that the total absence of such impulses when 
the posterior nerve roots in the cervical cord are injured causes the per- 
manent contraction of the pupil, called spinal myosis. Impulses also 
reach the cilio-spinal centre from the cortex of the brain and from many 


PtosU and external atreblimns due to iiamlyaU of tbe 
right third nerve, ( icon, du lu SultiAtriiire. ) 
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subcortical centres in the basal ganglia and medulla. Attention directed 
to a distant object, with voluntary fixation of the eyes, or emotional 
changes, fear or anger, or any irritation of the medulla which excites 
the respiratory and vasomotor centres may cause dilatation of the pupil. 
It is the last-named cause which produces a contracted pupil in men- 
ingitis and cerebral disease. A general lowering of the nervous con- 
dition such as accompanies neurasthenia, hysteria, epilepsy, and anaemia 
is usually attended by a dilatation of the pupil. Ihe exact path from 
the optic centres to the spinal centre is as yet undiscovered. A per- 
manent loss of power of dilatation of the pupil in darkness is known 
to occur only when the cilio-spinal centre in the cord or the sympa- 
thetic nerve in the neck or its branches to tlie dilator pupillse arc 
destroyed by disease. This occurs in tabes, in paresis, in multiple 
sclerosis, and in bulbar palsy, and in myelitis of this locality. The 
hemiopic pupillary reflex of Wernicke has been described on page 549. 
When a patient presents anomalies in tire action of the pupils the pos^ 
sibility of his being under the influence of some drug which aficcts their 
action must be considered before a conclusion is reached tliat a local or 
general disease of the nervous system is present. 

Argyll-Bobertson Pupil. — This is a condition of loss of rtiflex of the 
pupil to light, while its action in accommodation is preserved. (Sec 
{Miges 354 aud 638.) 

Paralysis of the Fourth Nerve. Pathetiens Paralysis. 

Paralysis of the fourth nerve is extremely rare aud is only to be 
dete<!te<l by a careful examination for double images with a red glass 
over one eye. The upright image is then seen to be upright by the 
normal eye, but appears to be displaced outward and turned obliquely 
by the affected eye. The iburtli nerve supplies the 8up<!rior oblique 
muscle and is of all the nerves the one best protected within the brain. 
It arises from a small group of cells beneath the aqueduct of Sylvius, 
aud decussates with its fellow in the roof of the aqueduct just beneath 
the corjjora quadrigemina posterior, and makes its exit immediately 
after its decussation on the dorsal surface of the crus lying upon the 
superior peduncle of the cenibellum. (Fig. 256.) It then curves 
arouud tiie crus, lying upon the upper, border of die puns Yarolii, and 
so passes forward upon tlie side of the optic tract and enters the orbit 
through the sphenoidal fissure. Any of the causes which produce 
paralysis of the third nerve may cause paralysis of the fourths Snyder * 
reports several cases due to injury, attended by vertigo. Isolated paral- 
ysis of the fourth nerve without affection of the third or sixth is 
an important symptom of tumor of the cerebellum or of exudation on 
the under surfaen of the anterior lobe of the cerebellum. In a patient 
seen in Meynert’s clinic at Vienna, who presented many symptoms of 
cerebellar disease, the existence of an isolated fourth nerve paralysis 
mj^dc it probable that the cerebellar lesion lay in the anterior and ven- 
tral part of the cerebellum, a diagnosis which was confirmed by autopsy. 

*Arch. of Ophthalmology, vol. XXXVL, p. 988. 
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Paral]r8iB of the Sixth Nerye. Abducens Paralysis. 


The symptom produced by paralysis of the sixth nerve is internal 
strabismus. This nerve supplies the external rectus, and when it is 
paralyml the internal rectus, beiii}^ unopposed, turns the eye inward, 
producing strabismus and an inability to turn the eye outward. 
Double vision always accompanies the strabismus, and the pupil is 
usually somewhat contracted on account of the position of the eyeball, 
but, of course, reacts to light. The sixth nerve arises fr«»m a group 
of cells upon the floor of the 
fourth ventricle, passes vcntrally Fio. 200. 


through the pons Varolii, mak- 
ing its exit in the groove be- 
tween the pons and medulla, and 
then pas.ses forward beneath the 
pons to enter the orbit through 
the sphenoidal fissure. As it 
has the longest course of any 
cranial nerve, disease at any part 
of the base of the brain is liable 
to involve it, hence atalucens 
paralysis is a freejuent symptom 
of intra-cranial disease, such as 
basilar meningitis, syphilis of the 
ba.se, tumors of the brain, and 
fractures at the base of the skull. 
The same causes which produce 
ottulomotor paralysis may cause 



abduwus paralysis, and it is panayri.oftheleftsl*th.»Tenth,.ndcl*hthncr»..s 
etjually inaccessible to any treat- rrum a oactuns at the bam of the skuii. 


ment. The sixth nerve nucleus 


and the root of the nerve arc often involved iii disease of the pons 
Varolii. (See pages 145 and 608.) 

The diagnosis Ixstwcen an afle<;tion of the abdiutens, due to disease 
in the nerve trunk or due to disease in the brain, ttan only Ixj made 
fronj the presence of other symptoms. Paralysis of the face on the 
same side as the ocular palsy, and of the arm and legs upon the oppo- 
site side, indicates a lesion in the pons or on the ba^, producing uni- 
lateral pressure on the pons. In the patient whose face is shown in 
Fig. 268 the paralysis of the sixth nerve was associated with paralysis 
of the seventh and eighth nerves on the same side. This patient had 
suffered from a fracture of the base of the skull, but had recovered 
from all tlie symptoms excepting those present in these three nerves. 

The Conjugate Motions of the Eyes. — In all acts of vision the 
eyes move together, either being converged to a near object, diveiged 
in looking at a distonce, or turned tc^ther in any direction. 

In convergence the internal recti act bother and there is a con- 
traction of the pupil. 
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In divci^nce the external recti act together and there is a dilatation 
of the pupil. 

In conjugate lateral motions opposite muscles in tlie two eyes act 
together. In motions upward and downward homogeneous muscles 
act together. All these movements are primarily reflex and automatic, 
the sensations of objects upon the retina causing the appropriate action. 
For such acts the interaction of the various nuclei of the optic and 
motor nerves of the eyeballs is all that is necessary. And the very 
complete system of association fibres joining these various nuclei to 
one another provides for such combinations of movement. Lesions 
which destroy these association fibres, especially lesions in the posterior 
longitudinal bundle, interfere with conjugate lateral motions. I^ions 
in the nuclei themselves necessarily suspend consensual motions in any 
direction, botli reflex and voluntaiy. The connections of these nuclei 
are shown in Fig. 256. 

Conjugate movements may also be voluntary in origin. The motor 
centres in the cerebral cortex for ocular movements are located in the 
anterior part of the motor zone. (See page 92.) They send their 
impulses down to tlie subcortical centres by a tract which passes 
through the knee of the internal capsule, occupies a position near the 
median line in the foot of the crus cerebri and decussates in tlie raph6 
before it ends in tlie oculomotor nuclei. The tract conveying impulses 
of conjugate lateral motion passes directly to the sixth nerve nuclei, 
and tlience an impulse is sent back to the opposite tliird nerve by way 
of the posterior longitudinal bundle. Fig. 261 shows this tract and 
demonstrates the fact that lesions at difierent parts of it cause paralysis 
of lateral conjugate motion of the two eyes. 

Irritation of the motor centres in the cortex causes involuntary tum- 
ingof the eyes away from tlie side of the lesion. This happens in epilepsy 
when the focus of irritation which starts the fit is unilateral. Paralysis 
of the motor centres in tlie cortex, or destruction of the tract which 
conveys their impulses will eventually result in conjugate deviation of 
the eyes toward the side of the lesion, for the eyes being once turned in 
tliat direction remain fixed, there being no possibility of a voluntary 
correction of tliis position. Hence in severe attacks of apoplexy when 
this tract is destroyed the patient is said to look toward his lesion. 

The diagnosis of the situation of a lesion producing forced conjugate 
deviation of the eyes can only be made from the existence of other 
symptoms of cerebral or pons disease. These symptoms have been 
more fully discussed in Chapter V* 

Rheumatic Ocular ^sy. — A paralysis afiecting one or more of 
the ocular muscles must not be too hastily ascribed to a lesion of the 
nerve. These muscles are subject to rheumatic affections like other 
muscles, and occasionally a supposed ophthalmoplegia turns out to be 
a rheumatic myositis, and subsides promptly. The external rectus is 
tlie muscle most frequently affected. 

.jtectUTent Oculomotor Palsy. — A rare condition consisting of 
combing paralysis of several of the muscles of temporary duration. 
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but commonly recurring several times in the ctiurse of a short attack 
has been described and named recurrent oculomotor palsy. The oculo- 
motor nerve is the one usually affected, but the fourth and sixth may 
also be involve<l. The attacks of double vision are attended by hcatl- 
ache, nausea, vomiting, and by a fever, and occasionally by c^mjunctivitis. 
They have teen termed ophtlialmic migraine by Charcsot. In one case 
seen by me the cause was probably malarial infection and the attacks 


Fio. 261. 



Diagram to llluBtrate the mcchanlam of conjugate movementa of the eyea. P, pona Varolll ; TIT, 
Oculomotor noolel ^ VT, abdocena nuclei ; rectua internua ; rcctua oxtemua, A tract from the 

cortex paaaea to VT. A tract conuecta each VT alth the oppoalte TIT, C, centre of convergent moTe> 
mentofboth eyca — a part of ///; A, lealon In the left half of the brain, caualng a loaa of voluntary 
turning of both eyea to the rl^t ; B, lealon In the left half of the puna, eaualng a loaa of voluntary 
turning of both eyes to the left ; C, lesion In the loft posterior longitudinal bundle, causing a loss of 
voluntary conjugate motion of the eyca to the right ; 1>, lesion in tiu left 17 nucleus, causing a loss of 
voluntary turning of the eyca to the left. 

ceased under quinine. Darquier * and Knapp * have collected and 
analyzed about forty cases. Autopsies are wanting to establish the 
lesion, which is protebly a vascular one, congestion or oedema either in 
the nuclei or in the nerve trunks. 

* Ophthalmoplegia. 

Disease in the nuclei of the nerves that supply the muscles of the 
eyeballs and paralyze them is termed ophthalmoplegia. It has been 
divided into ophthalmoplegia interna and externa, according to the 
muscles affected. In ophthalmoplegia interna the action of &e pupil 
is affected. In ophthalmoplegia externa the motion of the eyeballs 
and of the levator palpcbrse are impaired. 

* Annales d’oculistique, Oct.j 1893, tome cx., p. 268. 

* Boston Med. and raig. Jour., 1894. 
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Ophthalmoplegia Interna. — Ophthalmoplegia interna is a very 
rare condition. It may be unilateral or bilateral. It may be acute or 
chronic in its onset. There are no cjises with autopsy on record and 
the condition as a symptom is a curiosity. 

Loss of reflex to light while reflex action in accommodation is pre- 
served, called the Aigyll-Robcrtson pupil, or reflex iridoplcgia, occurs 
as a symptom in tabes, in paresis, in disseminated sclerosis, in soften- 
ing or atrophy of the brain, in syphilis of Uie brain, in hydrocephalus, 
in tumors of the third ventricle or adjacent basal ganglia, and as a 
congenital condition. It is supposed to point to a suspension of action 
in the association neurones between tlie optic terminals and the oculomo- 
tor ciliary nuclei. These axones pass through the gray wall of the aque- 
duct of Sylvius, and in all tliesc diseases except tabes microscopic 
lesions in this region have been observed. There is as yet no satisfac- 
tory explanation for the occurrence of this symptom, in tabes. The 
condition is usually eventually bilateral, but may be unilateral at firet. 
Loss of action of the pupil in accommodation is known to occur with- 
out loss of action to light. This is a rare condition, is usually uni- 
lateral and due to a lesion in the cervical sympatlietic. 

Ophthalmoplegia Externa. — This term is applied to any form of 
paralysis of the muscles moving the eyeball, not due to a lesion in the 
periphery of one nerve alone. It is usually bilateral. It is ustudly 
partial, a few only of the ocular muscles being involved. It may, 
however, become total, under which circumstances the eyeballs arc mo- 
tionless. Inasmuch ns the musedes aflkttcd are numerous, almost every 
possible combination of paralysis of different muscles has been observecl. 
It is not, therefore, necessary to specify the different position of the 
eyeballs possible and the different forms of double vision possible in 
ophthalmoplegia. 

Etiology. — The symptoms may be produced either by lesions in- 
volving the roots of the oculomotor nerves in their passage tliniugh 
the cerebral axis, or by lesions limited to tlieir nuclei. Lesions involv- 
ing the roots are.very common. They arc due, as a rule, to hemorrhage 
from, or thrombosis or embolism in the small arteries, and especially 
in their terminal branches within the crus cerebri. These arteries 
enter through the jwsterior perforated space, and are terminal arteries. 
Tumors, spots of sclerosis, or syphilitic exudations in this region 
cause the same effect. The majority of cases on record of ophtiml- 
moplcgia externa which have bmn examined pathologically have been 
pro<luced in this manner. Such lesions necessarily cause a destruction 
of other nerve tracts passing through the cerebral axis in addition to 
the oculomotor roots. It is from the presence of symptoms of such 
destruction that the pathological di^nosis is to be reached. Thus 
hemianesthesia, hemiataxia, or hemipl^a of various types have been 
observed in association with partial ophthalmoplegia. And such an 
affection of the sensory gnd motor tracts in the cerebral axis nmy be 
bilateral, causing very extensive and complex groups of ^mptoms of 
w^ch the oculomotor palsies may be the least noticeable, though they 
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may lie the most important as a guide to the localization of the lesion. 
(See Figs. 52 to 55.) 

Lesions involving the nuclei of the oculomotor nerves may bo citlier 
acute or chronic, and resemble in character the lesions of anterior 
poliomyelitis. 

Pathology. — Acute ophtluilmopl^ia externa mtty occur from 
hemorrhage in the nuclei, from thrombosis or embolism in terminal 
vessels supplying the nuclei, or from inflammatory processes, probably 
infectious in origin, in the nuclei. It may also be the result of poison- 
ing by bad food. Wernicke has named this condition polioencephalitis 
acuta. (See page 531.) The lesion found is a congestion of the 
vessels, exudation from them of small cells and leucocytes and serum, 



Nor^l oculomotor nucloua, 1, Tontral nu> Atnipbr of oculomotor lluclcu^ 1, Tcntrul 
cleus; 2, median nucleus; 3, lateral nucleus; 4, nucleus; to, Dorsal nucleus; 2, 3, Edlngcr. 
posterior longitudinal bundle ; S, 6, nerre roots; 7, Westphal nucleus. (Slcmerllng.) 
raphd. 

swelling and degeneration of all possible degrees in the motor celU, 
with destruction of their dendrites and axones, and consequent de- 
generation in the nerve roots and nerves. This lesion may be limited 
to the oculomotor nuclei, or it may be extensive in the cerebral axis, 
affecting other cranial nerves, in which case the ophthalmoplegia is only 
a part of an acute bulbar paralysis. A chronic atrophy of the nuclei 
h^ also been described and is shown in Fig. 263. These lesions 
resen^ble in every particular tire lesions of anterior poliomyelitis. 
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Symptoms. — The onset of aetde ophthalmoplegia is usually sudden, 
with severQ cerebral symptoms, vertigo, vomiting, headache and even 

delirium and coma. The pa- 
tient is always somnolent for 
some days, and occasionally de- 
velops an optic neuritis as well 
as the ocular palsy. In a few 
cases other symptoms of bul- 
bar paralysis have developed, 
and a fatal result followed. In 
many the general symptoms 
subside in the cfmrse of two 
weeks, and the only permanent 
symptoms are the irregular oc- 
ular paralyses. The affection 
may be arrested in its progress, 
but usually leaves a chronic 
condition of paralysis. I have 
seen a case in which, after six 
months of steady improvement, 
complete recovery, lasting for 
fifteen years, ensued. 

Chronio ophthalmoplegia ex- 
terna may be the terminal re- 
sult of an acute attack, or it 
may be a primary condition. In a number of cases it has been 
a congenital condition. If primary it l>egins gradually and makes 
slow but steady progress, one muscle after anotlier being affected. 
It may vary in intensity, some mascles recovering as others are in- 
volved. Fig. 264 shows the appearance presented by a patient suf- 
fering from this disease. In this case the disease has remained 
stationary for six years. It may even go on to recovery, tlie mus- 
cles gradually regaining tlieir power. Such recovery occurs in the 
minority of the cases. In the cases which recover it is probable that 
the degeneration is only slight in degree, suilicient to arrest the func- 
tion of the cells for a time. In this ox)ndition also a general chronic 
bulbar paralysis may eventually develop. It is not uncommon to find 
some defective action of the orbicularis palpebrarum and frontalis 
muscles supplied by the facial nerve, associate with ptosis ; or stime 
affection of the muscles of mastication. It is rare for bulbar palsy to 
advance to the oculomotor nerves, though it is not rare for it to develop 
subsequently to their paralysis. This is probably because a fatal result 
is reached early in bulbar j^lsy. As a curious confirmation of the 
statement that chronic ophthalmoplegia is quite homologous to chronic 
anterior }K>liomyclitis, the case of Kalicher may be cit^ in which, in 
the course of six months, the paralysis extended from the eyes to the 
face, and then to the arms and to the legs until total paralysis was 
present. ' The lesion in this case was chiefly vascular, the vessel walls 


Fio. 264. 





Patient siillering from chronic ophthalmoplegia 
externa. The wrinkling of the forehead in the effort 
to open the eyes is noticeable. The external strabta. 
muB can be seen. 
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being thickened, showing futty degeneration and unusual dilatations, 
and hemorrhagic extravasation being found everywhere in the gray 
matter. Chnmic ophtlialmoplcgia may be the first symptom of tumor 
in the corpora quadrigemina or of multiple sclerosis. 

Prognosis. — The prognosis in partuil ophthalmoplegia externa is not 
as unfavomble as might be supposed. Over one-half of tlie patients 
recover. This secerns to show that in the majority of cases the lesion 
is a vascular one and does not cause a degencnition of the nuclei. In 
the total chnmic cases the progmtsis is bad. 

Treatment. — The treatment of acute ophthalmoplegia is by the use 
of ice to the back of the neck, aconite, and phenacctin, and the admini- 
stration of hot baths daily to pnxluce free sweating. At the siime 
time brisk laxatives and diuretics are to be uschI, and if the {nitient is 
pletlioric leeches to the temples or behind the ears are to be applied. 
The eyes should be kept in perfecst rest. In chronic cases it is best to 
corrc(!t diseases of the bloodvessels by the use of heart stimulants, 
nitn)glycerin, and icnlide of potassium, and later to stimulate the nerves 
by the use of strychnine. In cases where syphilis has lM?eu a possible 
eause a mercurial treatment, followed by the free use of iodide, is to Im 
prescribed. 

THE FIFTH NERVE: TRIGEMINAL NERVE. 

Anatomy. — The trig«‘minal nerve is made up of two parts, a motor 
and a sensory portion, the lattcir being much larger than the former. 
The motor part arises from a group of cells lying in the np|icr part of 
the imns Varolii in the lateral pewtion of the formatio reticularis. (Fig. 
265.) It jKisscs outward through the formatio reticularis, joins the 
sensory nmt, lies under the G:issi>rian ganglion, and leaves the skull 
with the inferior maxillary bnuich. It passes to the muscles of mas- 
tication, viz., the masseters, temporals, zygoraathi, digiistric, and myelo- 
hyoid musedes, which close the mouth and move the lower jaw. It 
also stmds a filament to the tensor tympani muscle. The staisory pjirt 
of the nei^'c develops from the neurones in the Ga8s<!rian gsinglion. 
This large ganglion lies ujKm the nerve at the si<le of the jxais (Fig. 
250) upon the base of the skull. It has an extensive distribution upon 
tile face and in the head, as shown in Plate XXV., and all sensations 
from these parts come in through the nerve. The various areiis of the 
skin of the face connected with the tliree great divisions are shown in 
Plate IV. Its terminal eentml axones enter the {ions from the ganglion 
and terminate in a long column of gray nuitter which is identical in 
its structure with the substantia gelatinosa of the spinal cord, and lies 
in the lateral part of the formatio reticularis, from the upjier part of 
the pons to the lowest part of the medulla, where it is continuous with 
the posterior horn of the spinal cord. As these axones enter the pons 
a few bifurcate, but the majority turn downward, and some pass all the 
way down to the lowest level of the medulla, lying at the side of the 
column of gray matter just mentioned. Hence in cross-seetions of the 
pons and medulla this root of die fifth nerve is cut across and appears 
41 
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as a semilunar-shaped white tract. (Fig. 64.) It should be cjdled 
the descending root, as sensory impulses coming in pass down through 


Fig. 265. 
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it to reach the gray matter. But as this cranial nerve was formerly 
(les(;ribcd ns arising in the medulla and puns, like the motor nerves, it 
was originally named tlie ascending root of the fifth. Tlie axoues end 
in bushes within the substantia gclatinosa, and thence new sensory tila- 
meuts arise which pass upward to the cortex. Tlicse apjatar to decus- 
sate in the upper part of the pons, as unilateral lesions of the ]k)Us 
below the entrance of the fifth nerve produce anrestluisia t»f the fiiceon 
the side of the lesion only. They then join the general sensory tract 
in the lemniscus and formatio reticularis and piss to the cortex in the 
lower third of the sensory motor area. (See page 113.) 

There is a long semilunar-shapetl group of cells which lies on the 
lateral border of the gray matter lining tlie aijuediuit of Sylvius, in the 
substance of the tegmentum, and extends for four millimctn>s iHaieath 
the ctirpira quadrigemina p)sterior. These cells resemble the cells of 
the column of Clarke in the spinal cord and arc large aird flask-sha{)ed. 
They send axoncs downward in a long descending nerve wart which is 
semilunar in cross-section and which enters the fifth nerve rart opp)- 
site its exit at the level of the motor nucleus of the nerve. I^rme 
authorities^ ascribe motor functions to this group of cells and root, 
though they were found to be normal in a case where paralysis of the 
muscles of mastication was present and where the motor nucleus of 


Fro. 260. 



The beUI nerve and its cnnnectlons, within the aqu<vluct of Fallopius. 1, llflh nerre, with the 
Gasserian ganglion ; 2, ophthalmic division of the Hah nerve ; .1, superior maxillary division of the 
fiOh nerve ; 4, lingi^ nerve ; S, sphenopalatine ganglion ; 6, otic ganglion ; 7, suhmaxlllary ganglion ; 
8, facial nerve In tiic aqueduct of Fallopius ; 9, groat supcrflciol petnuud nerve ; 10, small suiwrUclal 
petrosal nerve ; It, stapedius branch of facial nerve ; 12, branch of communication with pneuuiogastrlo 
nerve; 13, branch of communication with glossopharyngeal nerve; 14, chorda tymponl. (Dalton.) 

the nerve was degenerated. Other authorities ascribe trophic functions 
to this group of cells and root, and affirm that they are diseasetl in 
cases of hemiatrophy of the face. This statement is mmle by Mendel ‘ 
on the basis of one case only. Others still regard them as a part of 
the sensory root. 

• W. A. Turner, Allbntt’s System of Medicine, voL yi., p. 787. 

’Ifeurol. Centnilbktt, voL viL, p. 14. 
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The sense of taste is a part of the function of the fifth nerve, for 
complete division of this nerve behind the Gasserian ganglion suspends 
this sense. The nerves through which this sense is conveyed are two : 
1. The anterior two-thirds of the tongue sends sensations of taste 
tlirough the lingual nerves and chorda tympaui, which passes into the 
Fallopian canal in asswiiation with the facial nerve, but leaves it at 
the geniculate gtinglion, thence jmsses by tlie Vidian or great super- 
ficial petrosal nerve to Meckel’s ganglion (sphenopalatine), and thence 
to tlie superior maxillary nerve, and thus into the second trunk of the 
trigeminal. 2. The posterior tliird of the tongue sends scnsiitions of 
taste through the peripheral branches of tlie glossopharyngeal nerve, 
thence through the small superficial petrosal nerve or nerve of Jacob- 
son to the otic ganglion, and thence by the inferior maxillary nerve 
into the third trunk of tlie trigeminal. (See Fig. 266.) 

The protected situation of all these nerves accounts for the rarity 
of loss of the sense of taste. I have seen it once, however, in a case 
of severe chronic trigeminal neuralgia and anaesthesia probably due to 
destructive lesion of the wait of the nerve. I have also observed a 
total loss of taste on one side of the tongue and pharynx after division 
of the roots of the nerve and after excision of the Gasserian ganglion 
done for the relief of neuralgia in several patients. Davies,* who has 
studied the results of resection of the Gasserian ganglion in 107 cases 
reports an impairment of taste in 27 and a loss of taste in 64 castes. 
In 46 cases t^te was unafiected. 

Paralysis of the Fifth or Trigeminal Nerve. 

A lesion of tlio motor portion of the trigeminal nerve causes par- 
alysis of the muscles of cliewing. The lower jaw falls open in such 
cases, and hence both speech and swallowing are interfered with. The 
patient usually supports the jaw with the hand, and tlms assists botli 
acts. It is to be remembered, however, that these muscles act sym- 
metrically on lK>th sides and together, and hence the destruction of 
one motor bmuch of the nerve does not cause very great disability. 
A little branch from the motor portion passes to the tensor tympani 
through the otic ganglion, and hence, when the nerve is paralyzed, the 
ear drum cannot bo stretched, and consequently deafness appears. 
This may lie accompanied by tinnitus aurium. When the muscles 
are pvmlyzed a gradual atrophy may occur which leads to a sinking 
of the temple and a thinness of the face, over the muscles which are 
piralyzed, and at the same time reaction of degeneration may appear 
in these muscles. Muller and Schnltzc both de8cril)c a slight difficulty 
in swallowing due to a paralysis of the muscles about the hard palate 
as having occurred in two cases. In both these cases there was a 
slight deviation of the uvula toward the paralyzed side. These symp- 
toms were referred to a paralysis of the sphcno-«tapcdius muscle, which 
receives a branch from the motor portion of the trigeminal nerve. 

These symptoms of paralysis of the fifth nerve are of some interest, 

* Tlic Function of the Trigeminal Nerve. Brain, 1907, p. 219. 
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as the nerve is otK^isionally divitlod by snrp:cons in the operation for 
trigcminul neuralgia, and it is chiefly in snch cttscs that the 8yni|)toms 
hitherto described have appetircd. It is needless to add that in such 
cases the motor branch of the trigeminal nerve should l>e carefully 
avoidecl by the surgeon, so tliat the paralytic symptoms may be 
prevented. 

Trismus or tonic spasm of the muscles of miistication is usually an 
aifection associated witli general convulsions or is a symptom of tiie in- 
fection of tetanus or lock jaw. It is not to l)e regarded as a local dis- 
ease of the motor branch of the fifth nerve. Ocicasionally a spasm of 
these muscles upon one side of the Ixsly occurs in connection with 
facial spasm, and may be regarded as a local afiectlou quite similar in 
its origin to blepharospasm and facial tic. Under tiiese circurnstiinces 
it is usually a reflex manifestation of some sensory disturbance almut 
the jaw or throat, and until the origin of such reflex irritation is ascer- 
tained and removed tresitment will not be successful. 

Tonic spiism of the miissctcrs has been known to occur atlcr long- 
continued stretching of the muscles, as in a case reported by I’cterson, 
where it develope<l after a long dental oiieration. It has iMHin known 
to occur after a con«lition of |)aralysis in the muscles, as in a case re- 
ported by McConnell. Occtisionally a fi.vation of the jaw and inability 
to open the mouth twcur as a symptom in hysteria. 

Clonic spasms of the muscles of miisticiition occur, (tausing a chat- 
tering of the teeth, as in a malarial chill or in an extreme condition of 
fear, or a grating of the teeth if the spasm is more slow and foreible. 
It occurs occasionally in paralysis agitiins and in old age. Even in 
health every one has bitten the tongue or bittern the chetik unintention- 
ally by an unexpecteel movement of the jaw. The disease is of no 
moment excepting in children, when grinding of the teeth at night often 
causes much annoyance to the parents and sometimes disturbs the 
child’s sleep. This may l)c due to any disease which prcxluccs an irri- 
tation of the nervous system, such as irritation of the intestine by 
worms, irritation of the genitals by smegma, irriUition of tlie thniat by 
adenoids, or irritation of the ear by wax. Occasionally grinding of 
the teetli is an early sign of irritation upon the base of the brain by a 
beginning basilar or tubercular meningitis, and in many cases of this 
disease the symptom appears at some time in the prognjss of the case. 
It has been known to occur as a symptom of tumor of the biise of the 
brain. Tl\e spasm is uniformly bilatcmil. In tlie viist majority of 
children’s cases, the symptom is outgrown, and it should not cause any 
alarm excepting in connection with other symptoms of tetanus or of 
tubercular meningitis. 

All these forms of facial spasm are to be treated as in fiicial tic. 
(See page 761.) 

Bernhardt has recorded one case of congenital paralysis of the 
trigeminal nerve which was accompanied by ahducens and fiuaal palsy, 
and this appears to l}e a unique case in the literature.* Injuries of the 
fifth nerve upon the base of the brain by tumors, syphilitic or tulier- 
cular exudations in the meninges, or fractures of the base are very 
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rare. When the Gasserian giiuglion is involved herpes zoster upon the 
face may ap|x;ar. A neuritis of the trigeminal nerve following cold 
has not l>ceu dcscrilied, yet it is not at all unlikely that very many 
cases of tril'acial neuralgia (see page 719) are really due to this cause. 
Hemorrhage or softening in the pons Varolii or medulla at any point 
in the fifth nerve nucleus, or tumors, or patches of sclerosis in the same 
locality may cause paralysis of tlie nerve. Thus the symptoms may be 
present in any form of gross lesion in the cerebral axis. It also ap- 
{Kiars as a symptom in some cases of bulbar paralysis. In these oases 
the existence of other symptoms of bulbar disease will enable a diag- 
nosis of the site of the lesion to be reached. It has also been observed 
in syringomyelia when the gliomatous degeneration extended into 
the pons. 

The symptoms of paralysis of the sensory portion of the trigeminal 
nerve are numbness and anaesthesia of the face. In Plate XXV., the 
exit of the three great branches of tlm sensory portion u{M)n the face 
are shown, and in Plate IV., their distribution to the skin is shown. 
The first branch supplies the tear ducts and glands, and any loss of its 
function is followed by a dryness of the eye. The seexmd branch con- 
trols the sensation of the mucous membrane of the nose and month, an<l 
dryness of these parts accompanies this injury. The second and third 
branches contain all the fibres concerned in taste, and hence lesion of 


Fw. 267. Fig. 2ea 



Hrmlntroph^ of the face. The condition de- ‘ nemlatrophy of the face. The condition had 
velopcd alowly during live years, and then camo developed In two years. (Kindness of Dr. 
to a standstill at the point shown, Mallhouse.) 


these |)arts results in the loss of this sense. Tlie vasomotor and trophic 
functions of the fifth nerve are important, and trophic symptoms are 
exc^ingly commoa in cases of any injury of the fifth nerve. Whether 
tho^ are due to the suspension of sensation may be a matter of discus- 
■'rion. They consist of ulcerations of the cornea, falling of the teeth, 
changes in the hard gums and in the mucous membrane of the mouth 
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and nose, with undue dryucss and tendency to ulceration and the forma- 
tion of crusts, and also the development of herpes zoster, which may 
occur in the nasal and buccal cavities as well as on the skin. The fifth 
nerve supplies the tongue with sensation as well as with tiistc, and un- 
noticed injuries of the tongue in chewing are not uncommon when the 
fifth nerve is anaesthetic. A loss of the reflexes of tlie fiu^ occurs 
in {)amlysi8 of the fifth nerve, so that winking docs not occur when the 
eye is irritated ; tears do not flow, sneezing cannot be protluced by 
inhalation of irritating substances or by tickling of the nose. The 
sense of smell is S()mcwhat impaired, partly on account of the dryness 
of the mucous membrane of the nose, and partly because many irritat- 
ing substances like ammonia, alcohol, and substances which irritate the 
mucous membrane are resilly perceived through the trigeminal nerve. 
It is possible that the secretion of SiUiva aud swallowing ujion tlie 
pamlyzed side may be suspended. 

Tlje common form of disease of the fifth nerve is trigeminal neu- 
ralgia. This has been described on page 719 et seq. It is there shown 
that such neuralgia is usually duo to a lesion of die Gasserian ganglion. 

Hemiatrophy of the Face. — A gnulusilly advamnng atrophy of 
one-half of the face has been observeil. It is a very rare affection. It 
is characterized by a very slowly progressive atrophy affecting the skin, 
the subcutaneous fat, the muscles, and the bones in about ciiual degree. 
As a rule, this condition develops in youth ; it has not Ixicii observed 
before the age of ten years, and is rare after the age of twenty years. 
For some time it may escape notice, but gradually the asymmetry of 
the face becomes more and more evident, the skin is manifestly thin, 
and is often slightly pigmented, the cheek sinks in upon the affcctecl 
side, the temple also sinks, and when the disease is thoroughly devel- 
oped, as in the case shown in Pig. 268, palpation reveals the decided 
atrophy of all the tissues. Somedmes the hair on the affected side falls 
out, but this is not a uniform result. Sensibility is in no way affected 
ami the muscles are not paralyzed, although as they become thin they 
are weaker than those of the healthy sicle. After several years the 
condition appears to come to a standstill, and the disease does not Iciid 
to a fatal termination. Occasionally the disesise makes ra])id progress, 
as in the patient shown in Fig. 268. In this man the disease had been 
in progress only two years. He sufferetl from spasms of the masseters 
and much pain in the face, but had no anaesthesia and no other symp- 
toms of intracranial disease. The patholt^y of this disease is unknown. 
There is no known treatment. 

THE SEVENTH NERVE: THE FACIAL NERVE. 

The facial nerve is the great motor nerve of the face. It arises from 
a large nucleus which lies deep in the formatio reticularis of the {xrns 
Varolii. (Fig. 72.) From this nucleus the fibres pass backward and 
inward toward the floor of the ventricle, curve about the nucleus of the 
sixth nerve, forming an angle known as the knee of the facial, and then 
turn outward, traverse again the formatio redcularis of the pons, and 
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make their exit in the groove between pona and medulla in close prox- 
imity to the eighth nerve. It then enters tlie internal auditory foramen 
of the petrous portion of the tcmjiorai bone and, after passing through 
the bony canal called the aqueduct of Fallopius, issues from the stylo- 
mastoid foramen upon the fafje just under the lobe of the ear. It there 
divides into many branches which supply the various muscles of the 
face. (Plate XXV.) Just before entering the auditory foramen a 
ganglion is seen to lie on the nerve. This is the geniculate ganglion. 
As motor nerves do not possess such ganglia, it is evident that at this 
point some sensory fibres must be associated with tlie motor fibres. 
These are partly sensory fibres belonging to the chorda tympani — a 
sensory nerve of taste wliich joins the seventh nerve in the Fallopian 
canal and leaves it at the gsinglion to pass by way of the Vidian or 
su|)erficial petrosal nerve to the superior maxillary braiuth of the fifth ; 
and partly stmsory nerves of touch supplying the auditory canal an«l 
the skin just in front of the car, as recently sliown by J. R. Hunt.* 
OfMsisionally, when inflammatory processcis attack the seventh nerve 
in tlie canal where this sensory nerve lies beside it, its fibres are 
involvcil, and then the sense of taste is lost on the anterior two-thirds 
of the tongue. When the sensory fibres are involved neuralgic pain 
may be felt just in front of the car or in the auditory canal or heiqies 
may appear in these places. A small nerve lies at the side of the facial 
between the ganglion and the pons and enters it lietwiJen the seventh 
and eighth nerves. This is the nerve of Wrisberg. It is probably a 
sensory nerve. It [kissi'S towanl the glossopharyngeid nucleus, where 
it ends. It has been thought to be a vestige of the extensive sensory 
facial branch found in fishes. Fig. 206 shows the various branches of 
the nerve in its course. The successive invasion of each branch from 
without inward by a progressive neuritis enables one to lotnite the 
process of a neuritis in the nerve, as will lie indicated in the section 
on diagnosis. The facial nucleus is closely joined to many other 
cmnial nerve nuclei by association fibres. One distinct branch from 
the oculomotor nucleus joins the facial nucleus and sends some fila- 
ments dirc(!tly into the nerve trunk. Thus an anatomical basis for 
the many reflex and automatic acts in which the muscles of the head 
and face take part is secured. Thus in the acts of winking, hreathing, 
in motions attendant upon sensations of sight, and sound, and taste, 
and smell, as well as in the various Ixidily sensations, changes of the 
facial expression are constantly seen which are automatic. Mental 
states are also reflectetl in the face unconsciously, and this’ is secured 
by an intimate association of the facial nuclei and the centres in the 
optic thalamus. Any disease in the pons, such as hemorrhage, soften- 
ing, sclerosis, or tumor will susfiend these reflex acts. The facial nu- 
cleus is also directly joined to the cerebral cortex, receiving impulses 
from the lower thinl of the motor area by a tract which traverses the 
knee of the internal capsule and lies in the median part of the motor 
tnict in the crus cerebri. .Its fibres leave the motor tract in tlie pons, 

Hlerpdic Inflammations of the Geniouinte Ganglion, Jour. Nerv. and Ment. IHs., 
Feb., also Anier. Jour. Med. Sci., Aug., 1908. 
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pass luickwanl in the raph6, where they piirtially decussate with those 
of the opposite side, and end in the nucleus. Tims eimh hemisphere 
is joined to both nuclei. Ijesioiis in the course of this tract arrest 
voluntary movements of the face, but do not susijcnd the reflex acts. 
(See Figs. 47 and 48 and page 102.) 

Facial Paralysis. Pathology. — As facial paralysis usually recovers, 
but few pathologiod observations are available. Markowski ‘ found 
in a ciise of facial palsy due to cold that the uerve was normal from 
the medulla to the geniculate ganglion, but fn>ni the giiugliou down- 
ward into the periphery there was a well-marked degeneration. Tlie 
neuritis was {mrenchymatous and not interstitial. The {leripheral 
bninches rantained many fully degenerated fibres, a lew remaining 
globules of myelin in a state of disintegration, and many little fat 
cells. Some of the branches contained normal as well as degenerated 
nerve fibres, and very few degenerated fibres were found in the 8U}H*r- 
ficial petrosal and stapedius nerves. The entire pnajcss was a pure 
degenerative neuritis without auy participation of the neurilemma. A 
similar lesion wjis found by Darkschewitch and Tichouow* and by 
G. Alexaiwlcr.* Dejerine and Thcohari * have examined a nerve after 
fiunal palsy and found a well-miirked degeneration in all the branches 
of the nerve, though the lower branch was more aftected than the 
others. There was no evidemie of interstitial changes. While the 
root of the facial nerve showetl no degeneration, examination of the 
nuedeus by the Nissl stain demonstrated a disappejiraiuic of the fine Nissl 
bodies and a shining appearance such as is found in cells whose function 
is suspended. This was also seen by Flatau® in another ciist;. 

Etiology. — While fiicial psilsy due to maldcvelopmeiit in fetal life 
has been occasionally described, the majority of (jongenitjd eases arc 
due to pressure exerte<l upon the facial nerve during delivery. This 
pressure may be produced by forceps applied to the hea<l or by a mis- 
placed hand or shoulder prossing upon the face during labor. Ikfrn- 
hardt* has recorded a number of such eases, and every obstetrician has 
met with them. In some of these csiscs the orbicularis oris lais nut 
been paralyzed. Children occasionally suffer from facial paralysis fol- 
lowing a blow on the ear or an attack of the mumps. Tul>ercular 
swelling of the glands of the neck, causing pressure on the nerve, is 
an occasional cause of facial palsy in children, but the most common 
Ciiusc in children is otitis media producing an inflammation of the 
nerve in the Fallopian csinal adjsiccnt to the inflamed ear. This also 
is a cause of facial {mlsy iu the adult in 7 }>er cent, of the ciis(>s. In- 
tracranial disesise, such as tumors of the brain, or exudations ujxm the 
base of the brain, or syphilitic inflamnuition of the nerve trunk within 
the cranium compressing the nerve, nuiy protluce paralysis. Fracture 
at the bitsc of the skull and caries of the petrous portion of the tem- 
poral bone, involving the nerve in its course have also pnsluccd facial 
palsy. The usual cause of facial paralysis is snppose<i to be expr)sure 

•Arch. f. Rij’ch., Bd. xxiii., p. 367. ‘IxiSemBine Medicate, 1897, p. 453. 

•Neurol. Ccntralbl., 1893, p. 329. ‘kitsch, f. klin. Mud., 1897. ' 

•Arch. f. Piiych., xxxv., p. 72. *Berliner klin. Woch., 1899, No. 31. 
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to cold. Philip ascribed facial palsy to this cause in 72 per cent, of 
the cases. Itcmak * found this a cause in 45 per cent, of his cases, but 
Thomas * describes it as a cause in only one-quarter of his cases. In 
many of my cases a history of a draught upon die side of the face has 
been obtained, and it seems probable that this may produce such con- 
gestion of the nerve as to 1(^ to facial paralysis. The disease docs 
not occur more frequently in winter than in summer, but Bernhardt * 
found it more common in women than in men and more common in 
men who were shaven than in those who wore a lieard. The Germans 
call all cases due to exposure to cold “ rheumatic,” but there appears 
to be no distinct relation between facial palsy and rheumatism. In 
very many cases no ostensible cause can lie asciertained. 

The most plausible explanation of the occurrence of facial palsy is 
that offered by Philipp who believes that a congenital narrowing of 
the stylomastoid foramen in certain persons predisposes them to a com- 
pression of tile nerve upon any slight congestion of its trunk. It is 
probable that an unnaturally large nerve lying in a normal foramen 
might produce some such tendency. A certain number of cases of 
facial palsy develop during the night, when pressure upon the pillow, 
combined with venous stasis in the canal, might produce a pressure in 
such individuals. One attack of facial palsy prcdis|M>8es to another, 



and in 7 per cent, of the cases there is a recurrence of the disease. 
Facial paralysis may accompany any form of multiple neuritis, and is 
then often bilateral. I have seen such cases in adults suffering from 
alcoholic multiple neuritis, also from severe lead palsy, and several 
cosi^s in children after diphtheria. 

’Remak, Neurol. Centmlbl., 1899. 

’Tliomas, Jour. Amer. Med. Assoc., 1898, Na 21. 

, ‘Berliner kliii. Woch., 1888, No. 7, and 1892, Na 30. 

‘Dissert.. Bonn, 1890, 
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SymptomB. — The symptoms of facial paralysis are very noticeable. 
There is a total paralysis of all the muscles upon one side of tlie face, 
including the forehead and the muscles which close the eye. The 
forehead is smooth, its wrinkles are no longer evident, and the eye- 
brow is immovable. Attempts at frowning are unsuccessful on the 
paralyzed side, the eye remaining open, and when the patient is told to 
close it he merely rolls the eyeball upward, leaving the sclera visible. 
He is not aware, however, that he has not closed the eye. The reflex 
act of winking is abolished, and the consequent exposure of the eye- 
ball often leads to conjunctivitis. As the lower lid is not approxi- 
mated to the eyeball, tears are no longer directtKi into the tear duct, 
and may run down upon the cheek. The nasohibial fold of the cheek 
is flat, the corner of the mouth hangs down, and there is a total lack 
of the normal play of facial expression during emotion or in <«)iivcr- 
sation. The flat, expressionless cxmntonance gives a mask-like appear- 
ance to the face and attracts attention at once. In the act of respira- 
tion the ala of the nose is not dilated and the cheek often flaps. All 
voluntary motions about the mouth are suspended, hence whistling, 
blowing, pursing of the lips, drinking, or moving the food about in 
the mouth during the act of chewing are imi)erfectly performed, and 
the pronunciation of labials is often indistinct. The patient often 
bites the cheek in the act of chewing, as the buccinator fails to act. 
Those who can move the esirs lose this power. Occasionally, when tlie 
mouth is opened, the tongue appesirs to protrude toward the healthy 
side. This deviation is often apparent rather than real, the mouth 
being opened unevenly. If, however, the deviation of the tongue is 
real, it is due to a paralysis of the muscles attached to the hyoid 
bone, allowing this to fall upon the paralyzed side. Occasionally in 
facial palsy a deviation of the uvula has been noticed. One side of 
the uvula may be elevated, and it is then turned away from the 
paralyzed side, or it may fall toward the paralyzed side. This symp- 
tom is a rare one, and I have seen it only occasionally. While 
mentioned by Erb and others, it has been denied by Honslcy and 
Beevor, who consider it a mere accident and not a symptom of facial 
palsy. It is quite certain that the motor innervation of the piilatc 
comes from the vago-acccssorius. Schultzc * has found such a deviation 
in but one case in 55. In some ciiscs of facial palsy the senses of taste 
is affected upon the anterior two-thirds of the tongue u|>oa the 
paralyzed, side. This may be present, however, without attraciting the 
notice of tlie patient.*. It can lie discovereil by applying sweet, salty, 
or bitter solutions to the tongue with a fine camcl’s-hair brush or by 
passing a galvanic current through the tongue, when the galvanic taste 
is no longer produced. This symptom is only present when the lesion 
in the nerve is a deep one and involves that part of it within the 
Fallopian canal, where the chorda tympani joins it. An unusual 
acuteness of hearing and tinnitus aurium are occasionally complained 
of. They are due to the tension of tlie drum membrane conseiiuent 

’ Lehrbuch der Nenrcnkiwikheiten, Bd. i., p, 5. 

*Lermoyez, M., Annalea des Mai. de I’Oreiile, 1899, p. 5G4. 
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upon paralysis of the stapedius muscle. Under these circumstances 
tlie lesion is very deep in the Fallopian canal or upon the base of the 
brain. If the paralysis is an accompaniment of middle-ear disease, 
or if the auditory nerve is aft'etited upon the base of the brain, where 
it lies in close apposition to the fticial nerve, deafness and vertigo will 
Ixj associated with paralysis. The patients sometimes complain of 
pain behind the ear at the time of the onset of the affection, sind are 
often tender to pressure at the exit of the nerve. They sometimes 
have psiin in the side of the neck, and occasionally herpes appears 
below the ear or on tlie side of the neck. 

Facial palsy occasionally develops simultaneously on l)oth sides. 
This is very mre, hut I have seen several cases. In one case the left 
side was affected three days after the right side. The absen<!e of otlier 
bullair symptoms and the recovery in these (aises proved them to be 
peripheral. 

After the paralysis has been present for some little time stiffness in 
the muscles of the face is often felt, but it is rarely asso(uated with 
neuralgic pain. If the case d<H!S not go on to retovery the facial 
mus(;les atrophy and contract, producing a very distressing sense of 
stiffness in the side of the face. This eontracture of the muscles may^ 
restore the original lines of the face and the original facial expression, 
and may even elevate the corner of the mouth slightly, so that at the 
first glance the paralysis may be thought to be in the well side, but 
any attempt at voluntary movement will demonstrate the immobility 
of the truly paralyzed and coutractured musides. 

The electrical contractility in the facial muscles is usually altered. 
In some cases the faradic contractility is preserved and the galvanic 
contractility is slightly increased, so that the muscles respond to a 
weaker current than those upon the normal side. In these cases 
recovery occurs within three or four weeks. In cases of me<lium 
severity, however, there is a partial reaction of dc^neration. The 
faradic contractility is very much diminished or even lost, the galvanic 
contractility is heightened, so that only a weak current is necessary to 
produce contractility, and tlie catlwde closing contraction remains 
greater than the anode closing contraction. In the course of six weeks 
the galvanic contraction liecomes normal ; after two months the faradic 
contractility returns, and tliese pitieuts recover in between two and 
three months. In severe and permanent ciuses there is a total reaction 
of degeneration, a complete loss of faradic contractility, and a gradual 
reduction in the galvanic contractility, so that very strong currents are 
necessary to produce any effect, and here tlie anode closing contrac- 
tion is greater than the cathode closing contraction, and the opening 
contractions may lie equivalent to the closure contractions. Such a 
Ksiction of d(!generation may remain for a whole yeur, and even then 
recovery may ensue. In fact, Bemak recortls a case of recovery after 
tliree years’ continued reaction of d^neration. The electrical reac- 
tions, therefore, arc important not only as symptoms but as pn^nostio 
indications in this affection. 
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The course of the case varies in different conditions in accordance 
with the severity of the initial lesion. In the majority of cases all 
symptoms develop within a few hours of the onset, and remain prac- 
tically stationary for from two to three weeks, duriiifr which time no 
voluntary movement at all is possible. In the lighter cases the symp- 
toms then gradually subside, and recovery results in four to six weeks. 
In more severe cases such recovery does not occur under six months. 
In the severer type a year nuiy ensue before any relief is evident, and 
in a few cases no reisovery o(!curs, the condition becoming |)ermancnt, 
the muscles becoming contractured, and very often being the sesit of 
twitching and spasms which are annoying. It is in these severer cases 
that conjunctivitis, unless prevented by antiseptic alkaline lotions to the 
eye, occurs as a complication. 

Diagnosis. — The <ii}ignosi8 of facial palsy presents no difficulties ns 
the symptoms are very distinct. But facial paralysis may occur not 
only from a lesion of the nerve trunk, but from a lesion of the brain 
at any point in the motor tract between the cortex and the facial nerve 
nucleus. Ftwjisil paralysis produced by a cortical lesion or by a lesion 
in the motor tract above the level of the nucleus of the faeial nerve is 
less complete than facial paralysis from lesion in the nerve, and is not 
attended by (M>mplctc paralysis of the act of closing the eye. Winking 
is always possible, ami the muscles of the forehejMl are less commonly 
involved. In emotional excitement the facial muscles act normally so 
that the phiy of expression oceurs even though voluntary movement is 
sus|H!nded. In this form also there are no changes in the electrical 
contractility in the paralyzed muscles. While it is |)ossiblc that an 
isolated facial paralysis frt>m cortical or sulKiortical disease may occur, 
such paralysis is usually the aticompaniment of hemiplegia, and hence 
is not likely to be mistaken for piiralysis due to a lesion in the course 
of the trunk of the nerve. 

Facial paralysis due tf) a lesion of the facial nucleus in the pons 
Varolii is almost uniformly attende<l by other symptoms of porjs dis- 
ease, such as (a) a paralysis of the sixth nerve, which lies adjacent to 
the seventh nerve nucleus ; or (6) an implication of the motor or sen- 
sory tract passing to the opposite arm and leg, whicdi piws close by the 
situation of the facial nucleus, thus producing alternating hemiplegia 
or hemianaesthesia (Fig. 51), or (c) the .symptiims of bulbar paralysis ; 
or (d) the symptoms of muscular dystrophy. Gowers has reporhsl a 
case of isolated infantile palsy of the face analogous to infantile spinal 
paralysis. In this case the orbicularis oris c.scapc(l. The character- 
istics of the facial paralysis when the nucleus is affected arc the same 
as those when the nerve trunk is diseased, but there is no affection of 
taste. 

The diagnosis of disease upon the base of the brain Ixjtween the 
exit of the facial nerve from the pons and its entrance into the inter- 
nal auditoiy foramen can only be made from the presence of other 
symptoms of intraeranial disease such as are due to pressure upon the 
side of the pons or to implication of other cranial nerves, notably the 
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sixth or the eightli. The diagnosis of the location of the lesion in the 
course of the nerve within tlie Fallopian canal is not difficult. If the 
nerve is affiicted near the- geniculate ganglion or prior to the giving 
off of the little branch to the stapedius muscle, tinnitus aurium and 
acuteness of hearing will be notic^eable symptoms. They will not be 
present, however, if the lesion is nearer to the exit of the nerve than 
the point from which this branch arises. If the nerve is injured in 
the Fallopian canal between the point at which it is joined by the 
chunk tymjmni and the point at which this nerve is given off, a loss 
of taste in the anterior two-thirds of the tongue will be present. Such 
a loss of taste does not occur if the lesion is nesir to the exit of the 
nerve at the stylomastoid foramen or is in the face after its exit from 
this bony canal. (Sec Fig. 266.) 

Prognosis. — The prognosis in facial paralysis depends upon the cause 
and the severity of the attack. In lesions of the nucleus within the brain 
or of the trunk on the base of the brain, and in lesions of the nerve 
following otitis media, recovery is rare. When the cause is cold or is 
unknown, the majority of patients get well. The severity can be deter- 
mined with a fair degree of accuracy by the electrical examination, 
as already described, and this examination often aids the prognosis. 

Treatment. — If the patient is seen within two or three days of the 
onset of the disease it is well to apply a small blister over the exit 
of the nerve beneath tlie ear. If tlie cause of the affection can be 
ascertained and can be removed, especially if it is otitis media, this 
should be done, but in the majority of cases it is impossible to astasr- 
tain a cause, and hence the treatment must be symptomatic. It should 
consist of massjige of the face, done by the patient with the tips of his 
fingers frequently during the day, and this can 1 h 5 aided by placing one 
finger in the mouth and so compressing and kneading the muscles 
between the two fingers. The muscles should be tnuitcd with elec- 
tricity daily, that current Ixjiug used which prwluces a contraction. 
But it is not advisable to continue electrical treatment longer than six 
months, for in the castis which last beyond this time the electrical 
stimulation favors the development of contractures. When contrac- 
tures occur in the chronic cases warm applications of water and mas- 
sage may alleviate the sensation of stiffness. It is useless to apply the 
faradic current when tlie muscles do. not respond to it. Iodide of 
po tas sium in five-grain dose after meals and small doses of strychnine 
have been thought by some writers to hasten recovery. 

In congenital cases which show no tendency in the course of two 
years to recover, and in chronic cases which have remained in a sta- 
tionary condition for a year it is possible to resort to sui^cal treat- 
ment. The facial nerve is cut at its exit from the stylo-mastoid fora- 
men ; the hypoglossal nerve is exposed behind the internal jugular 
vein and above the level of the posterior belly of the digastric muscle 
and the facial nerve is impknted into a longitudinal slit in the hypo- 
glossal. The junction of the nerves is wrapped in Cargile membrane 
so that* connective tissue will not interfere with the union of the nerves. 
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The result is that nerve fibres grow from the twelftli into the sheath of 
.the seventli eventually protluciug a regeneration of that nerve aiul n^turn 
of control in the muscles of the face. There is usually a coincident 
paralysis of the tongue which gives little or no inconvenience. Taylor 
and Pierce Clark have reported some success with this ojuimtiou.* 

THE EIGHTH NERVE : THE AUDITORY NERVE. 

The eighth or auditory nerve consists of two distinct }K>rtions, the 
cochlear and vestibular nerves, which, though joined in the trunk, arc 
separate from one another both in their peripheral termination and in 
their central nuclei and also as to function. 

I. The cochlear part of the nerve is the nerve of hearing. Like all 
nerves of special sense, it has a special mechanism in the ix>riphery, the 
otgiin of Corti, which is a sort of natural liarp, its strings vibrating to 
different tones, each string being in reidity an epithelial txill conmx;ted 
with a nerve filament whose neurone body lies within the cochlea and 
sends a central filament into the auditory nerve. The terminations of 
this nerve in the nuclei of the medulla and their connections with the 
brain have already been describetl. (Pago . 125.) 

Deafhess. — De<afncss is usually due to some disease within tlie ear 
affecting the peripheral fibres of the nerve. But affections of the 
acoustic nerve produce disturbances of hearing. 

Deafness due to disease of the cochleiir fibres of the Jicoustic nerve 
is distinguished from deafness in the outer or middle ear by the loss 
of power of perceiving sound through the bones of the head. In a 
normal condition the sound of tlic tuning-fork am be iicard both when 
held to the ear and when applied to the teeth, or forchaid, or petrous 
portion of the temporal bone. The sound of the tuning-fork is nor- 
mally heard longer when the vibrations are conveyed tlirougli tlio air 
than when they are conveyed through the bone. If tlnsre is disease 
of the middle air, producing deafness, the tuning-fork is haird through 
the bone, but not when held near to the car. If tiic dmfncss is due 
to disease of the auditory nerve the tuning-fork is no longer heard when 
applied to the bone, or is heard less distinctly than when held outside 
of the ear. In auditory nerve deafness the higher pitehal sounds are 
less distinctly heard than low notes. This may be testal by the Galton 
whistle. In auditory nerve deafness hairing is not increasal in a noise 
as it is when disease lies in the middle ear. In auditory nerve denf- 
ness inflatien of the ear by PolitzePs method does not improve the 
hearing. 

In auditory nerve deafness changes to the electrical reactions are 
also present, which are not found in deafness from otitis media. 
These tests usually produce vertigo, and hence are difficult of appli- 
cation, but in the normal state the cathode closure produces a slight 
sound which is distinctly louder than that caused by the anode closure. 
If the auditory nerve is diseased its reaction is changed. The anode 

‘See Joarnal of the American Medical Association, March 24, 1906. 
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closure sound is greater than the cathode closyre sound, and the sound 
may be heard when the current is broken. In the majority of cases 
of auditory nerve deafness the vestibular nerve is also affected and 
vertigo is associated with the deafness. 

Dtuifness from acoustic nerve disease or degeneration occurs occa- 
sionally primarily. It may be a congenital condition due to some 
defective development either in the nerve or in the organ of Corti, 
under which circumstamais the child is never able to hear and never 
lesirns to speak. This is the common cause of dcaf-mutism. It is an 
interesting fact that such deaf-mutes are not made giddy by ordinaiy 
methods and do not suffer from seasickness. In other cases an atrophy 
of the acoustic nerve appears to be due to a congenital defect in its 
jH)wer of nutrition, and deafness comes on in early adult life. This is 
a petiuliarly hereditary affection, many members of the same family 
being snbjecit to the disease. Thus I have known of one large family 
in which it has appeared through four generations, each generation 
having had several members who developed the aflection. I know 
another family in which tour of seven sons have inherited tlic dciifness 
of tlieir mother, who had inherited her deafness from her father. 
They have several uncles and cousins who are deaf. Such cases must 
be due to a defetitive vitality in the nerve trunk, and are to be regarded 
as primary auditory atrophy, the nerve dying before the rest of the 
Ixxly, just as tlic teeth, hair, and genitid organs die before the rest of 
the body. Syphilis, eitlier hereditary or acquired, may cause acoustic 
nerve atrophy. 

Deiifness Irom acoustic atrophy may develop in the course of loco- 
motor ataxia, of general paresis, and of disseminatcil sclerosis. I 
have also seen deafness from auditory atrophy develop in the course 
of tumors of the brain lying upon the base in such position as to 
involve the auditory nerve. In syphilis of the base of the bniin 
deafness occasionally develops. Injuries of the head or ear may 
cause dtiafness. This is usually attended by vertigo and is due to 
hemorrhage in the car. Such hemorrhages may occur spontaneously 
in the infectious diseases or in states of aniemia. The u.se of quinine 
may cause degeneration of the eighth nerve. A functional deafness 
occurs in hysteria from suspension of activity in fibres of tlie auditoiy 
nerve or in its centres. This fonn of deafness comes on mure sud- 
denly and is more complete than any other type. 

The prognosis in deafness from auditory disease is unfavorable, 
though occasionally counter-irritation over the petrous portion of the 
temporal bone, and treatment by strychnine, is accompanied by some 
improvement, but the nerve is not open to any direct treatment, and 
electrical excitation is of no benefit. Hyptdermic injections of 
pilocarpine, | grain, are said to be of some service. Charcot recom- 
mended quinine, 15 grains a day, to be kept up some weeks, but the 
majority of aural surgeons are opposed to this form of treatment. 

Tinnitus Aurium. — Irritation of the auditoiy nerve in the oigan 
of Corti, or in the middle ear, or in the course of the nerve, may pro- 
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duce subjective suuuds which are appreciatetl as a ringing or roaring 
iu the ears or head, or a buzzing sound supposed to he. outside of the 
ear. Tliis usually indicates disease of the organ of Corti, either of the 
nature of disturbances in the circulation or of a l)eginning auditory 
atrophy, and if it is followed by progressive deafness the diagnosis of 
auditory atrophy may usually be made. In at least 80 |)er cent, of 
the cases of tinnitus auriiim some central dcrafuess e^in be detecte<l by 
tests with the Galton whistle or the tuning-fork, even when the patient 
is not aware that he is desif. Tinnitus aurium msiy, however, be due 
to anajmia. Thus, tainting is frcqueutly precedal by a sound in the 
ear. Gout is a cause of this symptom. A clironic antemia with re- 
duction in the miml)er of red corpuscles may csiuse tinnitus. In these 
cases the tinnitus is probably due to vibrations of the bl(M)d current in 
the (sirotid artery, and can be arrested tenumrarily by pressurtf Uf)on 
tlic carotid artery. Intracrauial aneurism causca a sound similar to 
this. It is t>ecause of this blood origin of tinnitus that the symptom 
develops in states of cachexia and in states of general malnutrition. 
Direct irritation of the auditory nerve, such as occurs in all forms of 
otitis media and otitis externa, may produce tinnitus, and anything 
which interferes with the free circulation of air in the external auditory 
canal, such as covering the ear with the hand or applying a shell to 
the ear, will give rise to a j)erccption of unusual sounds. ti)inc drugs, 
especially quinine and the salicylates, cause tinnitus, and if too long 
continued, total deafness. In hemorrhagic affections of the cair 
(M6ui^rc’s disease;), where the disease lies in the second or vestibular 
division of the auditory nerve, both tinnitus and deafness are present. 
A cracking noise due to contraction of the muscles near or about the 
Eustachian tube is not the same as tinnitus. 

The treatment of tinnitus aurium is very unsatisfactory uidcss the 
cause, sucli its ansemia, or gout, or malnutrition, or local disease in the 
car, can be removed. But when the tinnitus is the first symptom of 
an auditory atrophy no cure can be expected. Bromides arc of some 
service, as are also belladonna and cannabis indica. 

II. The sc(X)nd division of the auditory nerve is called the vestibular 
nerve. It is the nerve of equilibrium. It arises from the bipolar cells 
of the ganglion of Scarpa, whose dendrites come from the ampulla; of 
the semilunar canals and utricle of the labyrinth. The axones of these 
cells pass, with the ctxjhlcar division of the nerve, to the side of the 
puns, where^they enter directly the lateral pfution of the pons (Fig. 
78) and terminate about three groups of cells : the cells of Deiters’ 
nucleus, the cells of Bcchterew’s nucleus, and the cells of the central 
or posterior nucleus lying upon the floor of the fourth ventricle. 

The cells of Deiters’ and Bcchterew’s nuclei have numemus con- 
nections with other parts of the central nervous system, especially 
with the cerebellum, with the nuclei of the oculomotor nerves (sixtii, 
fourth and third), with various nuclei in the tegmentum, and with the 
olivary bodies. &)rae axones of Deiters’ cells pa.ss downward through 
the formatio reticularis to the motor nuclei of the cervical nerves in 
42 
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the spinal cord, and are probably connected either directly or by means 
of association fibres with the nuclei of the nerves of the head and 
baek. Its connection with the cerebellum is made by fibres which 
pass by way of the inferior and middle peduncles of the cerebellum to 
the flo<!culus and vermis. Each nucleus is also connected by means 
of direct and indirect neurones with the cerebellum of the opposite 
side, which it reaches through the corpus trapezoideus and transverse 
fibres of the pons. The posterior nucleus of the vestibular nerve is 
connected by direct tracts through the corpus trapezoideus and fillet 
and through the formatio reticularis with the upper portion of the brain 
axis, the corpora quadrigemina, corpora, geniculata, and optic thalami. 
It is also connected with the cerebellum by tracts which pass with 
those from Deiters’ nerve. The existence of a tract to the cortex 
through the internal capsule has not yet been demonstrated, and no 
cerebral centre or area controlling equilibrium has been discovered. 
The weight of evidence in favor of the cerebellum as the chief organ 
of equilibrium is overwhelming, and it seems needless to suppose that 
a cerebral area will be discovered. It is evident, therefore, that the 
semilunar canals in which impulses are received whose object is to 
make us aware of our position in space and to direct the whole system 
of movements by which our equilibrium is preserved, have a most 
'widespread connection with the central nervous system and an espe- 
cially close connection with the cerebellum. 

A moment’s consideration of the phenomena of equilibrium will 
convince us of the great importance and complexity of the nervous 
mechanism controlling it. The body is constiintly held in a state of 
balance, and no movement of any degree can be made in any part 
without a compensatoiy movement to preserve the centre of gravity. 
The slightest variation in our position which would tend to the loss of 
balance is immediately perceived and immediately corrected. Furtlicr- 
more, the balance is maintained by an interaction of vismil sensations, 
labyrinthine impressions, and muscular sensations, all of which enter 
into this function, as cun be seen by the disturbance of balance oc- 
casioned by double vision, or by labyrinthine disease, or by a loss of 
the muscular sense, as in locomotor ataxia. "While consciousness btkes 
cognizance of this complex matter of equilibrium, the primary centres 
which receive the impressions and regulate the activity that they 
arouse are located in the cerebellum. This is the great organ of equi- 
librium, and it therefore receives impressions directly frpm the eyes, 
from the semilunar canals, and from the muscles of the limbs. The 
most important impulses in the preservation of equilibrium^ however, 
are derived from tlie semilunar canals through the vestibular nerve, 
and aficcUous of tins nerve are attended by very marked and very 
intense symptoms of vertigo. Vertigo may be due, as is usually the 
case, to affections of the terminal organs in the semilunar canals, or to 
affections of the vestibular portion of the auditor nerve in its course 
to tlrn cerebellum, or to lesions of the pons, or to disease of the cere- 
bellum. Disease of the crura not involving the corpora quadrigemina. 
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or of tlje superior peduncles of the cerebellum, tlirough which the ocu- 
lar impulses reach the cerebellum, also produces vertigo. 

Vertigo is a symptom of uncertainty of position, attended by a sensa- 
tion as if the b^y itself were being revolved in any one of all possible^ 
directions, or as if objects outside of the botly were turning rapidly. 
It causes balancing movements, oscillation of the eyeballs, and stag- 
gering in the gait. It is attended by great uncertainty and distress of 
mind, the patient grasping at adjacent objects for supjmrt us he feels 
himself falling, or throwing himself flat upon the flour and (flinging to 
anything in the vicinity fur support. A distinction is sometimes made 
clinically between the sensations of objects outside of one’s self turning, 
cidled objective vertigo, or of one’s body being in a state of revolution, 
cidled subjective vertigo. But tins distinction of symptoms cannot be 
referred to any diflcrence in tlie lesion in any part of the mechanism. 
Vertigo may be produced by a rapid revolution of the bcxly or by the 
passage of a galvanic current thrtmgh tlie head. It is thought tliat 
hemorrhages in or destruction of tlie superior vertical or siigittul semi- 
lunar canal (anterior, of Ketzius) produce a sense of revolution in the 
entire body, as if the head were going down and the feet up, the head 
going toward the side of the lesion. It is thought that hemorrhages 
in the inferior or horizontal semilunar canal (external, of Retzius) pro- 
duces a sensation of rotation of the body around its verticjil axis toward 
tlie side affected. It is thought that a hemorrhage in the posterior 
vertical or frontal semilunar canal (posterior, of Retzius) produces a 
sensation of falling toward the side of the lesion. But, inasmuch as 
these three canals open into one another, further iuvestigation is neces- 
sary in order to establish tliese assertions. 

Bdrfiny has csdled attention recently ' to tlie uniform association of 
nystagmus with labyrinthine disease and has discovered a caloric test 
of great value. When in a normal iierson cold or hot water is thrown 
by a I’olitzer syringe into the outer ear without exerting jiressure, 
rotary and horizontal nystagmus is produced ; if the laliyrintli is de- 
stroyed this never occurs. When vertigo is caused by labyriutliino 
disease nystagmus is always present. 

Vertigo is usually associated with intense vomiting and great men- 
tal distress. A rapid action of the heart and general relaxation of the 
bloodvessels, causing profuse sweating and a feeling of great faintness, 
commonly attend vertigo. It seems probable that anything which 
causes an intense irritation of the nuclei of the vestibular nerve pro- 
duces a sympathetic disturbance of the pneumogastric centre which lies 
adjacent to it. Conversely, we know ^at irritation coming from the 
pneumogastric nerve to the brain, such as occurs in gastric disonlers or 
in heart disease, may produce a secondary vertigo. 

Gastric vertigo is easily differentiated from vertigo due to vestibular 
disease by die absence of tinnitus and deafness or pain in the ear. 
Vertigo due to cerebellar affection is also rarely followed by deafness 
or by pain in the ear. See also page 848. 

*B. B&rtny. Phyg. u. Path, deg Bogengangapparatus, Deuticke, Wien, 1907. 



660 


THE CRANIAL NERVES AND THEIR DISEASES. 


THE NINTH NEBVE: THE QLOSSOPHABTNaEAL NEBVE. 

This is a mixcil nerve containing both sensory and motor fibres. Its 
sensory branches come from the tongue, larynx, and respiratory oi^;ans 
and middle ear. It is the nerve of common sensibility of the pharynx 
and {Milate and of the middle ear. It is thought that it conveys the 
sensations of taste from the posterior tliird of the tongue, those from 
the anterior two-thirds passing in tlirough the lingual nerve. But as 
division of the root of the trigeminal nerve has cause<l a total loss of 
taste in some patients, there is some doubt as to this function. (See 
page 644.) The ganglia of origin are the ganglion jugulare on the 
glossopharyngeal nerve and the two ganglia on the vagus nerve (Plate 
XXV III.). The sensory fibres enter the side of the medulla just outside 
of the up])er psirt of the olivary body, and terminate partly in the gray 
matter on tlie floor of tlie fourth ventricle and partly in a thin column 
of grsiy matter like the substantia gelatinosa, lying along the inside of 
the solitary bundle in the formatio reticularis. The sensory fibres on 
entering the medulla form a part of this bundle with other sensory 
fibres of the vagus nerve and turn downward, t)assing as low as the 
up|Mir tjcrvical segment of the spinal cord. The solitary bundle is 
therefore similar in its structure to the descending root of the fifth 
nerve. It has also IxMjn called the respiratory bundle of Krause, as 
its division suspends respiratory motions. Its fibres end in tufts which 
lie in the substiuitia gelatinosa which borders its inner surface. From 
the cells of this substance new fibres arise which enter the formatio 
reticularis and tlie lemniscus, and so ascend to the brain ; but their 
termination in the cortex has not yet been ascertained. (See Fig. 
55, page 114.) 

The motor branches of the glossopharyngeal nerve arise from a 
column of cells known us the nucleus ambiguus, which lies in the 
lateral part of the formatio reticularis. (Fig. 55.) They curve upward, 
inward, and backward, then outward, forming a knee like that of the 
facial nerve. They issue from the side of the medulla posterior to the 
olivary body and pass out of the skull tlmmgh tlie jugular foramen. 
They go to the muscles of the larj'iix, oesophagus, and pharynx, and 
preside over the functions of respiration, swallowing, and phonation. 
(See also Fig. 72, page 144.) 

The origin of both the motor and sensory fibres of the glosso- 
pharyngeal nerve are so intimately mingleil with those of the vagus 
nerve tliat separation lietween them is imjmssible. The following table 
of Spencer shows the probable functions of these two nerves ; 

Table XVIII. — The Distkibution op the Ninth, Tenth, and 
Eleventh Nerves. 

Ajfirent, l^tretU. 

Upper roots, ninth nerve. Respiratory regulating fibres ; CriecRhyroid, styloplmryn* 
respiratory exciting fibres ; gcal, oesophagus, pharyngeal 
(Inspiration) inferior- laryn- contractors. 

' gad. 

Middle roots, tenth nerve. Kespiratoiy inhibitory fibres ; Gastric branches, bronchial 
(expiration) bronchial. muscles. 
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Distribution of Right Pneumogastric Nerve. (W. Keiller.; 
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Afferent. Iffermt, 

Lower roots, tenth nerve, Xone. Inferior loryufjeal, cardiac in- 
accessory eleventh nerve. hibitory, levator palati. 

Spinal accessory eleventh None. Steriiunuistoid, trapezius, 

nerve, spinal ^rt. 

THE TENTH NERVE: THE VAGUS OR PNEUMOOASTRIO NERVE. 

This, like the ninth nerve, coutnins both sensory and motor iibn‘s. 
Its sensory branches come from two ganglia on its trunk, of which 
the upper ganglion is large, oval, and resembles the posterior spinal 
ganglia, and the other is long and irregular, the cells being scattered 
among the fibres of the nerve. (Plate XX VII I.) These staisory fibres 
enter the side of the medulla outside of the olivary bodies and pass in 
several directions. Some go inward and baekwani to terminate in a 
ma.ss of gray matter which lies on the floor »)f the ventricle laterad of 
the twelfth nerve nucleus in the medulla and dorsad of it in tlie up[xir 
coni, a mass which projects upon the floor of the fourth ventricle form- 
ing the ala cincrea. This is the respiratory and cardiac centre. Others 
. join the ninth nerve fibres and enter the solitiiry bundle, descending 
in it and ending in the substsintia gelatinosa whicii borders it on its 
inner side. From these nuclei new fibres ari.se which enter the for- 
matio reticularis and ascend to the brain, but their course and termi- 
nation is yet undetermined. 

The motor branches of the vagus arise from the cells of the nucleus 
ambiguus, turn inward, curve about in the formatio reticularis, and 
then turn outward and nuike their exit on the side of the medulla, 
where they form the grciit trunk of the vagus nerve. 

The destination of some of these sensory and motor fibres has 
already licen shown in the ttible, page fifiO. 

There are also fibres which psiss to the meningeal brandies of the 
filth, to the auricular branches of the seventh, and to the carotid and 
abdominal plexuses of the sympathetic system. 

While it might be supposwl from the anatomical distribution that a 
lesion of the glossopliaryngeal nerve wonhl cause amesthesia and 
paralysis of the pharynx and larynx and difficulty in swallowing, tiiere 
are no cases on record of lesion of this nerve trunk. 

In bulbar paralysis the nuclei of the nerve are affecteil, ami paralysis 
of the oesijphagus and of the pharynx and larynx are the result ; but 
here, too, it is not possible to distinguish sharply between symptoms 
due to lesion of the ninth and tenth nerves. 

The great length of the vagus nerve ex|H)8C8 it to many injuries and 
to compression by tumors at any point in its course. Acute neuritis 
of the vagus from cold or rheumatism is not known to occur. Certain 
poisons, especially that of diphtheria, and alcohol and certain drugs, 
atropine, veratrum, aconite, and digitalis, etc., appear to have a special 
selective action upon the nerve and may produce symptotns referable 
to it. While the distribution of the nerve to the heart, lungs, and 
viscera is a very wide one, we know but little n^rding the symptoms 
actually product by its lesion. The nerve is a bilateral one in its 
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action, and in many cases where it has been divided by stab wounds, 
or in the course of surgical operations upon the neck, very few symp- 
toms have ensued, though experiments upon animals would indicate 
that a division of die left nerve should be attended by a very rapid 
heart action and by a slowing of respiration. This has occasionally 
occurred when surgeons have included the vagus in tying the left 
carotid artery. The branches of the nerve which pass to the larynx 
and supply all the muscles of the larynx arc most important, and their 
injury gives rise uniformly to very marked symptoms. These symptoms 
have been carefully studied by Gowers, whose table is so complete 
that it is here reproduced. 


ifl/mptonu. 

No voice ; no cough ; Htridor on 
deep infipintion only. 


Sigm. 

Both cords modcRitely abducted 
and motionless. 


Leiimu, 

Total bilate ral 
palsy. 


Voice low-pitched and hoarse ; 
no cough ; stridor absent or 
alight on deep breathing. 


One cord moderately abducted 
and motionless; the other 
normal or even beyond the 
middle line in phonation. 


Total unilateral 
palsy. 


Voice little changed ; cough 
normal ; inspiration difficult 
and long, with loud stridor. 


Both cords near together, and 
during inspiration not sepa- 
rated but even drawn nearer 
together. 


Total abductor 
palsy. 


Byi^toms inconclusive; little 
. anection of voice or cough. 


One cord near the middle line, 
not moving during inspira- 
tion; the other normal. 


Unilateral abduc- 
tor palsy. 


No voice, perfect cough; no 
stridor or dyspneea. 


Cords normal in position, and 
moving normally in respira- 
tion, blit not brought together 
on an attempt at phonation. 


Adductor palsy. 


It will be remembered that the recurrent laryngeal nerve in its 
long course around the aorta is frequently compressed by aneurisms, 
and the result of such compression is usually paralysis of the vocal 
cord on one side, with whisjiering voice and difficulty of respiration. 
The abductors of the glottis being paralyzed, the opening of the glottis 
is not sufficient during the act of respiration, and hence a whistling 
sound or wheeze and a sense of suffocation results. In a few cases of 
injury of the vagus in this part of the neck some anecsthesia of tlie 
throat back of the palate has been obseTrved, together with disturliance 
in the act of swallowing. The reflex act of swallowing from irritation 
of the pharynx is also suspended in these cases. 

An occasional paralysis of the vagus nerve occurs as a complication 
of locomotor ataxia, and spasm of tlic larynx with suffocation may 
also occur in this disease. 

The diagnosis of vagus paralysis can be made when the recurrent 
branches of the nerve arc affect^ and disturbances in respiration and 
in the voice develop, or when there is a distinct ansesthesia of the 
pharynx, with difficulty, of swallowing, not due to paralysis of the 
palate qr to paralysis of the tongue. Rapidity of the heart is not a 
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sufficient sign to warrant a diagnosis, and there are no lung, gastric, 
or visceral symptoms tliat are characteristic of the disease, the majority 
of tlie statements made in the books being purely theoreticiil and not 
based upon clinical facts or pathological findings. 

Tn the course of bulbar paralysis the nuclei of the ninth and tenth 
nerves become involved and undergo degtmeration. This is indicated 
clinically by the development of respiratory and laryngciil palsy and 
by a very rapid heart action. These may lead to a fatal n^sult. The 
occurrence of hemorrhage or of embolism in the medulla involving the 
vagus nuclei is the cause of sudden death in some cases of apoplexy. 
The vagus nucleus when disturbed in its function can no longt^r secure 
normal breathing or heart action, hence Cheyne-Stokes respiration and 
intermittent or very rapid heart action are 8up[H)sed to be symptoms 
referable to its functional disturbance. Vomiting is also supposetl to 
be due to its irritation. This form of vomiting is sudden, exjdosive, 
not preceded by nausea and is very violent, and is attendinl by great 
prostration. It occurs occasionally in tumors or abscess of the brain 
in any location and also in meningitis of the b<isc. 

The vagus nerve is often involved in the course of multiple neuritis 
due to any of the numerous causes which prcnluce that disease. The 
signs of its implication are rapid pulse, general vasomotor paralysis, 
shown by cyanosis, oedema, profuse sweating, and respiratory }mralysis, 
causing irregular, labored bresithing. Under these conditions, which 
are of a very unfavorable prognostic imiiorfcvnce, stimulation by alcohol, 
strychnine, and digitalis, and by nitroglycerin are im[jerative. (See 
page 216.) 

Spasm of the oesophagus is not to be considered as an evidence of 
affection of the ninth nerve, but is a functional nervous disciisu usually 
hysterical in origin or due to organic disease of the oesophagus. 

THE ELEVENTH NEBVE : THE SPINAL AOCESSOBT NEBVE. 

Paralysis of the Accessorius. — The eleventh nerve arises from a 
long column of cells which lie in the lateral part of the anterior horn in 
the upper five cervical segments of the spinal cord. The roots issue 
from the lateral surface of the coni and ascend to the brain, whero they 
receive further fibres from the lateral portion of the mciltilla, the acces- 
sory portion, which really is independent of the nerve and tieiongs to 
the vagus, and then make their exit from the skull through the jugular 
foramen. • It is rarely injured by disease within the spinal canal or 
skull, though fractures and injuries may affect it. The usual cause of 
paralysis of the spinal accessory is cold, injury, or pressure by tumors, 
swollen glands, or abscess in the neck. I have seen the condition in a 
young girl due to accidental division of the nerve when dee|)-Iying 
glands were removed from the neck. 

Symptoms. — The symptoms of paralysis of the spinal accessory nerve 
are paralysis of the sterno-cleido-mastoid muscle and of the trapezius 
muscle. The sterno-cleido-mastoid turns the head and elevates the 
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chin, so that when the right muscle contracts the patient looks over his 
left slioulder. The trapezius turns the head backward and over toward 
the shoulder and also elevates the shoulder. Other muscles act in asso- 
ciation with these two muscles, and hence a lesion of the spinal acces- 
sory nerve causing a paralysis of these muscles is not apparent until tlie 
patient is examined ; then it is found that the motions which they ac- 
complish are not done with the ususd amount of power, and a slight 
amount of resistance renders the patient incapable of turning the head 
or of elevating the shoulder. The greatest defect lies in the elevation 
of the arm above the horizontal line ; the trapezius counteracts the 
action of the serratus, and if it is paralyzed the serratus n>tatc8 the 
scapula in such a manner as to pnaluce a slight elevation upon the side 
of the neck by the projection upward of its inner angle. When the 
patient brings his arm forward and outward the edge of the shoulder- 
blade is no longer held tightly to the chest, and hence projects upon 
the back. 

The diagnosis is made by the discovery of the weakness of the mus- 
cles, of the imijerfect elevation of the arm, of the deformity, and of tlie 
existence of reaction of dt^ncration to the electrical examination. 

The prognosis will depend upon the possibility of removal of the 
cause, and the treatment is by massage and electricity. In cases which 
do not recover it may be possible by appropriate apparatus to pro- 
duce a fixation of the shoulder-blade in its proper position, and thus 
aid in the movement of the arm. 

Torticollis: WlTtneck. — Congenital lesions of the eleventh nerve 
due to defects of development or injuries at the time of birth sometimes 
result in a defective development of the stcrno-clcido-mastoid muscle, 
Avhich fails to grow in proportion to the other muscles, and hence be- 
comes permanently shortened. Tn these cases as the child grows the 
hea<l is slowly tumetl away from the aflected side, the chin approaching 
the shoulder, and it cannot be turned straight or to the opposite side on 
account of tlie permanent shortening of the affecteil muscle. In such 
a condition there is no spasmodic contraction of the muscle and no 
twitching of the head, but the lesion is a wryneck fixed and permanent. 
This condition is easily remetlied by a division of the tendons of the 
stemomastoid muscle, when the other muscdcs secure a proper position 
and projier movement of the head. Spasmodic torticollis is described 
on page 772. 

THU TWELFTH NEBVE: THE HTPOftLOSSAL NEEVE. 

Anatomy. — The hypoglossal nerve arises from a long group of cells 
which lies on the floor of the fourth ventricle in its lowermost part, 
where its walls approach and where it closes into tlie central canal of 
the spinal cord. (Fig. 72.) The nerve cells are large and multipolar. 
They send their axones ventrally through the medulla, passing at the 
side of the interolivary, tract and pyramid and issuing between the 
pyramifi and the olivary body on the ventral surface of the medulla ; 
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thence they make their exit from the skull throuffh the anterior wm- 
dyloid foramen of the atlas and pass to the muscles of the tonpue. (Sec 
Fig. 51, jMge 107, and Fig. 7:J, page 145.) 

Paralysis of the Hypoglossal Nerve. — The hyjwglossjd nerve is 
rarely involved in lesions upon the base of the brain, though oeciision- 
ally tuberculous or syphilitic masses have imi>lieattHl it. In such easevs 
the vagus nerve, which lies quite near it, is also involve*!. It is not 
atfected in multiple neuritis. 

A few cases of injury of the hypoglossid nerve have been reconlcd 
where this nerve has been divided by stab wounds or by gunshot wounds 
in the neck. Occasional attempts to cut the throat n'sult in a division 
of the hyi)ogloss:d nerve. Cameron * describwl such a «‘asi! with great 
care. The autopsy showed that the right hypoglossid luirve luul Imh-ii 
divided just internal to the bifurcation of the carotid artery. The cut 
ends wcrcs retracted, the central end wiis bullKnis, and the distiil end 
was found in a state of advanccHl degeneration. In this i)atieut the 
right side of the tongue was para- 
lyzenl, had a flabby appearance, 
and prestmted three transverse 
wrinkles due to the atrophy ; but 
the tongue could be moved iu all 
directions, though imperfectly, 
and witli diffi<iulty toward the 
left. It protruded to the right 
side of the mouth iu being put 
out, but there was no paralysis of 
taste. 

The r«M)ts of the hypogloasid 
nerve are occasionidly affected in 
disease located within the me<lulla. 

They piiss close to the pyramidid 
tract ami to the interolivary tract. 

These convey, respectively, motor 
aud sensory impulses to and from 
the opposite side of the body; 
hence a form of alternate paralysis 
or alternate anaisthesia may lie caused by a lesion which destroys one 
of these tracts and the hypoglosssil root. Such lesions may be of 
vascular origin or may be new gro^vth8. 

The symptoms of paralysis of the twelfth nerve are inability to move 
the muscles of the tongue or t») protrude this organ from the mouth. 
The result is that the tongue lies motionless within the mouth, its mus- 
cular fibres very often are in a state of fibrillary tremor and the tongue 
itself becomes atrophied, and the mucous membrane is thrown into folds 
with deep grooves between them which run lengthwise. (Fig. 271.) 
Inasmuch as the muscles of the tongue are closely interlaced upon the 
two sides, a unilateral hypoglossus paralysis does not entirely paralyze 

* Britiah Medical Journal, 1901. 


Fiq. 271. 



Right bciuiutruiihj' of the tongue, (Bejerinc, ) 
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this organ. It can be moved in the mouth, and though the pronuncia- 
tion of some of the lingual letters is interfered with, yet unless the 
paralysis is bilateral this is not very noticciible. In the act of pro- 
truding tlie tongue the healthy muscles elevate its posterior portion, 
pushing it outward more fully on the nonparalyzed side ; hence tlie 
tongue deviates toward tlie side of the {laralysis. Chewing and swal- 
lowing are not intertered with by unilateral hypoglossus paralysis, but 
are seriously impaired if the paralysis is bilateral. It is difficult to 
examine the tongue electrically on account of its great sensitiveness, 
but it may be possible to demonstrate a reaction of degeneration in its 
muscles. 

Paralysis of the twelfth nerve from disease of its nucleus may be 
prcnluced as a part of tlie lesion of bulbar paralysis.* (Sec p. 609.) 

The cortical centres for the movements of the tongue lie in the 
lower third of the motor area, and are joined to the nucleus by fibres 
which pass in the motor tract anterior in the capsule and median in 
the crus to the tracts for the arm and leg. These fibres decussate in 
the raph6 of the medulla. 

Partial paralysis of the tongue with deviation toward the paralyzed 
side is usually an accompaniment of hemiplegia, but in this case there 
is no fibrillary twitching and no atrophy in tlie tongue. 

A spasmodic contraction of the muscles of the tongue (aphthongia) 
has b^n described by Charcot * and must have been known in the 
middle ages, as the best examples are found copied in stone in some 
of the gargoyles of the Notre Dame in Paris and other cathedrals in 
Europe. In tin's affection the muscles of the tongue arc contracted, 
and as a result the tongue is forcibly thrust out of the mouth, cither 
straight out if the spasm is bilateral (the common form), or toward 
one side if it is unilateral. The tongue may also be forcibly rolled in 
the mouth or thrust against the teeth. The spasm occurs, as a rule, in 
attacks lasting a short time, but extremely annoying to the patient, 
and is not usually associated with any disease of the tongue, such as 
ulceration, smoker’s tongue, or cancer. It has been regarded as a 
purely functional, possibly hysterical affection, but like all spasms may 
be reflex from some peripheral or central irritation. 

The prognosis is good. The treatment should consist of nerve 
sedatives, esjKtcially bromides, chloral, valerian, and asafoetida. 

* Dent. Zeitsch. f. Nervenhcilk, Bd. xiii., 4. 

*lcon. de la Salpdtriire, vol. L, p. 87. 
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GENEEAL DISEASES OE THE NEEVOUS 

SYSTEM. 


CHAPTER XXXVI. 

MULTIPLE SCLEUOSIS. 

Mui.tiple, or insular, or disseminated sclerosis is a disease whicli 
affects both brain and spinal coni together in varying degree, and is 
chai'acterized by the pnxluction of small plaques or islets of selen>tie 
tissue scattered irregularly through tlie csentnd nervous system. 

Pathology. — The sclerotic patches vary fn»m a miliiinctrc to 
several centimetres in diameter and arc of irregular shape. There 
may be a hundred or more such plaques. They are rarely hK!at<*d 
in the cortex of the brain, but are found in the white matter beneath 
it, in the centrum ovale and in the corpus callosum, and in the gniy 
mutter of the basal ganglia ; also in tlic pons, medulla, and spinal 


Fio. 272. 



Multiple scleroais. Sclerotic patebea arc sceu in butb unteriur, ouc lateral, and butb pimterliir col- 
umns. Tbc lea anterior bom is reduced In sloe and Is sclerotic, lljirliln.) 

coni, and with less frequency in the cerebellum both in its white and 
gray matter. Sometimes the nerves, both cranial and spinal, a2)pear 
to be invaded for a short distance from their origin. 

Sclerosis differs from that occurring in other forms of sclerosis, 
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as it is not limited to definite tracts it does not lead to secondary 
dcfjenenition in the various tracts in whicdi it may happen to lie. 
This is because it spares the axones, though involving the medullary 
sheath of the neurones. In a fresh state the patches are pinkish-gray 
and more translucent than normal brain tissue. Some have a gelatin- 
ous appcjirance. They replace the brain tissue without increasing its 
volume, hence are not like small tumors. On section each plaque is 
sharply defined from the normal tissue about it, though the transition 
from abnormal to normal fibres is less sudden when a single fibre is 
followed along its course. It may be soft or hard and may in old 
taises cut like cartilagt!. There are no long columns of sclerosis, as 
in tal)e8 or latenil sclerosis, but eacdi islet is limited in extent. 

On mic«)sct»pi(! examination the sclerotic patch is seen to consist of 
very fine neuroglia fibres and glia cells, forming a feltwork of interlac- 
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Multiple acleiOBis. A sclcrotto area Impllcatea a large portlun of the medulla oblongata. (Spiller.) 


ing fibrils with dense infiltration with nuclei, and there may also be an 
increase of connective tissue. The fibres seem finer than ordinary 
neuroglia fibres, and are more abundant in the older cases, the early 
’Btagedieing characterized by the presence of small cells. In the older 
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cases large spider cells are often found. There is usually some thick- 
ening of the bloodvessels. The neurones themselves are singularly 
free fnmi degeneration, even in the midst of sclerotic patches ; but (w- 
casionally cell bodies are found in various stages of degcnenition when 
the plaque invades the gray matter, and fatty globules and gmnular 
corpuscles, tlie result of tliis degeuerdtion, are then scattered through 
the plaque. Even by Nissl’s metho<l of staining there are found few 
or no evidences of degeneration in the neurones. In some regions a 
simple atrophy of cells has been Sfxai. The nerve fibres passing 
through the islet of sclerosis appear to be 8quceze<l, tlieir <udibre being 
re<luc(»d but their continuity preserved. The me<Iullary shcatii is re- 
duced mabirially, and here and there an axonc is broken ami deg«‘n- 
erated. The result of the degeneration of the myelin is swn in the 
presence of fatty globules and waxy granules in the nerve pat<*hes. Hut, 
as a rule, the axones are preserved and lie naked, a<ljacent to one 
another, tlmnigh the phwpie, and appear as if the inetlullary slieath had 


Fig. 274. 



Multiple flclerosln. Longitudinal section through a plaque In the spinal cord ; g, thickened neur- 
oglia; cmpt>*spuce8 In the plaque; tf large gUa cells; u, axis cylinder. (Schmnus-Suckl.) 

liecn dissolved off and absorlicd. This peculiar appearance, first notice*! 
by Charcot, has been eonfirmed by all subsequent observers ami is char- 
acteristic of insular sclerosis. The preservation of the axonc explains 
the absence of secondary degenerations in the various tracts. In a few 
recently reported cases, probably of very long duration, reliable ob- 
servers have reportiid secondary degenerations in both sen.sory and 
motor tracts, but those are certainly the exception. 

The essential feature of the disease is therefore the prcxluction of a 
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peculiar neuroglia structure which is associated with a disappearance 
of the myelin sheaths of nerve fibres. There are many theories in 
reganl to this process, no one of which is generally accepte<l. Strumpell 
believes that it is a congenital affection of tlic nature of gliosis, not 
unlike syringomyelia (//. o.), and that the nerve fibres are affected 
secondarily. He urges as proof the fact that it occurs in childhood. 
Schmaus suggests that instead of a process of degeneration of the 
myelin sheath there has been a defective development of myelin origi- 
nally, and that the naked fibres have never developed a myelin cover- 
ing, a possibility which is rendered more likely because of the fact tliat 
in the development of tlie nerve fibres the myelin appears later than 
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Uultlple Klcroala — aicolar type ; p, ^la ; I, apacea left by the abaorptlon of nerre flbiea ; 
t, granule ceUa in theae apooca ; a, azia cylinder. (Sehmaua.Sacki.) 


the axone. Under tlicse conditions it would be expected that the 
symptoms would appear in infancy instead of developing after the age 
of ten years or later. 

Rindfleisch and otihers, Ribbert, Fiirstner, Marie, Bartsch, and 
'Schmaus believe that the process is vascular in origin, a toxic agent 
in the blood affecting first the vessels, then the m^ullary sheath of 




ETIOLOGY. 


67U 


the nerves, and then leading to a secondary sclerosis. They affirm 
that the plaques lie about the vessels, which others deny. Others 
affirm that a lymph stasia in the lymph spaces about the bloodvessels 
is the primary cause ; that these spaces are crowded with epithelioid 
cells which distend them, hiuder the flow of lymph, and thus lead to 
swelling and degeneration of the glia cells and nerve elements, and 
finally to a sclerosis. But this theory has met with little favor, as the 
majority of observers regard this lymph stasis as a result and not as a 
cause, and when, under other conditions, such lymph stasis occurs it 
leads to a degeneration of the axis cylinder and not to one of the myelin 
sheath only. Charcot, Erb, Gowers, Leyden, Wernicke, and Thoma * 
hold that the disease is an interstitial or glia infhimmiition and tiiat the 
myelin sheaths are destroyed secondarily. Leyden,* after a eritical 
review, concludes that multiple sclerosis is the termination of a ehronic 
interstitial inflammation, liedlich holds that it is a parenchymatous 
disease in the myelin, of toxic origin, and tliat the glia formsitiou is 
secondary. Andr6 Thomas* affirms that it begins in the axis cylinder 
and affects some but not all of tlie fibrils of which it is ramie up. Its 
toxic origin is admitted by all, but the exaet manner in which the 
toxic agent acts and the reason for the limitation of the lesion and the 
escape of the distid part of the axoues is as yet a matter of mystery. 
Buzsaird* who has called attention particularly to tlie fact that tlie 
symptoms of the disease may be intermittent, recoveries and rcliipses 
being not uncommon in his experience, refuses to admit any congenital 
defect and inclines to the toxic theory of the disease. 

Etiology. — Multiple sclerosis is a disease of youth, the majority of 
castis developing between the tenth and thirty-first year. No ago, how- 
ever, is exempt. Ungtir found nineteen cases in infants. The disease 
is rarely inlierited, but two cases being on nxionl in which a womiin 
with the disease had a child who showed symptoms. It hiis no rela- 
tion to syphilis. Cold and trauma were formerly supposed to be the 
active causes, and many cases have l)een recorded which render this 
probable, recent cases ofGaupp’and Blencke® btnng undoubtedly trau- 
matic. Of late, owing to the investigations of Marie, more importiince 
has been assigned to infectious and toxic agents, and now it is gener- 
ally believed that the diseiisc is usually a BC(]ual of some acute infec- 
tious disease, typhoid, variola, malaria, scarlet fever, mciisles, whoop- 
ing-cough, influenza, pneumonia, acute rheumatism, dysentery, cliolera, 
or diphthqria. It has been known to develop in women affcr child- 
birth. I have seen such a case, and Bidint ^ has reported a case in 
which after each of four successive confinements a rapid increase in the 
symptoms of the disease followed. Oppenheim has seen cases due to 

'ZurPath. hist, der Mult. Sclerose, Deut. Zeitschr. f. Nerrenheilk., 1900, Bd. xviL, 
p. 205. 

'Nothnagcl’H Spec. Path. u. Therap., Bd. x., p. 459. 

*Rev. Neurolonque, 1900, voL viii., p. 490. 

*The Lancet, July 16, 1904. 

'Zur Aetiolo^e der Molt. Scleroee, Centralbl. f. Nervenheilk., June, 1900. 

*MoDataHchr. f. Unfalbheilk., December, 1900. 

’Deut Zeitschr. f. Nenrenheilk., Bd. xvi., p. 437. 
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poisfjtiing by metallic poisons, especially lead, zinc, tin, and mercury, 
and Etienne ' has also reported one by carlamic oxide gas. Strumpell, 
who Ijelieves the disease to be of congenital origin and due to mal- 
<luvclopment, iisc;ribes little importance to these causes and holds that 
tlmy are merely exciting causes when the defective nervous system is 
present. Hoffman was not able to find any cause in more than one- 
lialf of 100 cases studied.* 

S3miptoms. — It has been already stated that the lesions of multiple 
sclerosis affect the brain, brain axis, and spinal cord in different degrees 
in various eases, and therefore it is not surprising that three typos of 
tlie disc‘ase have Imjcu descrilKxl by writers according as symptoms ref- 
erable to one of these parts pre«lominate ; but since in all cases which 
continue for a long time the terminal result is about the stirac, it is 
only necessjiry to mention these tyjxjs as variations in the rao<le of on- 
set. It must also be stilted at the outset that great irregularity in the 
development and course of cases has been observeil, and therefore Buz- 
zard is quite right in holding that no typical picture of multiple sclerosis 
can 1)0 drawn. In fact, in many cases it is only by a process of exclu- 
sion of otlier forms of cerebral and spinal disease, and of hysteria in 
jxirticular, that the diagnosis can be reached. It is also neecssjiry to 
premise any statement of symptoms by calling attention to a fact ad- 
mitted by all authors that all cases arc characterized by occasional 
complete intermissions in the symptoms, one or many disap|)caring 
entirely for months, but returning later. 

The ordinary type of ciisc, first described by Charcot, is of very 
gradual development. The patient has some numbness and weakness 
in die legs, which slowly increases until he has a spastic or ataxic or 
even cerebellar gait, and stifiucss and piralysis in the legs, with in- 
creased knee-jerks and ankle clonus and Babinski’s symptom. There 
is usually a slight difficulty in the control of the sphincters which ap- 
pears early. The skin reficxes are often lost. The gait is usimlly like 
that of lateral siderosis, the feet being drawn along the floor and over- 
lapping and the legs stiff and adducted. It may be a sta^^ring gait 
like that of a drunken man, with irregular, uncertain steps. I^me- 
times it is a combination of these two gaits. The entire body sways 
in walking, which is due to an irregular contraction of the muscles of 
the trunk, producing what Oppcnhelm has termed “ vascillation.” At 
the same time a tremor, or rather a jerky, irregular action of the hands, 
appears, which is increased by effort both to hold them still and to 
perform any fine motion. The rate of the tremor is from five to seven 
per semnd. This is termed by the Germans an “intentional tremor.” 
It does not occur when the hands are at rest, but gets worse and wor^ 
as they are used, the motions being more and more extensive, until 
finally the patient makes irri^ular, jerky motions and cannot attain 
his end. When he ceases to try the tremor stops. Thus he spills all 
the.water from a glass in attempting to drink, and is unable to adjust 

^ ‘Rev. NeiiroloRiuue, liWO, vol. viii., p. 825. 

Zeitoclir. f. Kervenheilk., 190^ Bd. xxi., p. 1. 
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hia clothing or to write. The entire arm and forearm share in tliia 
tremor. Oceasionally this tremor is eoufiuwl tt) one sale. The anns 
imiy bceoiuo weak and stiff, bnt this is rare. 

At the Siunc time a nuirked defect in siHje«*h develoj*s, known as 
scanning spect'h. It is a Bh>w, jerky utteRUiee of wonls, witli |)iinses 
between words or between syllables, and a forced effort to pi-ononnee, 
which leads to unusual accentuation and possibly to a clipping of words, 
so that they are not fully uttered. Tliere may Im) also a tremor of the 
face ami of tlic tongue, and tremor of the vocal cords has been seen by 
the laryngo8co|)e. Sometimes tliere is a tremor or ijuet’r, jerky move- 
ment of the head which caii be produced if the patient looks up or 
turns his head. This may occur, like a senile mxldiiig, when the 
patient is at rest, the mere act of supporting the head being enough of 
a voluntary act to start the tremor. 

Nystagmus on lateral or upward movement of the eyeballs appi'ars 
early, and later may occur when no motion is msule. Tliis is found iu 
75 per cent, of the cases. The pupils are often uncijual and may be 
contracted, but always resjiond to light. Strabismus, due to a weak- 
ness of one or more ocular muscles, usually tlic exterui, is an occasional 
symptom. This may only become evident on conjugate movements of 
the eyes to one side. Temporary attacks of blindness may occur, 
which are often followed by a pc'rmancnt condition due to optic atrophy ; 
in fact, optic atrophy may be, as iu tabes, the earliest symptom, as 
shown by cases of Bruns aud Stolling,' and is found in a large nutnlMtr 
of cases (52 per emit., UtthoflT). It is usually a partial atrophy and 
causes a narrowing of the visual field or scotoma rather than total 
blindness. Tlie outer or the inner halves of the disk are pale, or the 
entire disk may be Avhite and sharply definml. There is also a change 
iu color vision, red aud green being lost before blue aud yellow, wliich 
is the reverse of tlie order observed iu hysteria. It is a peculiarity of 
the defects of vision in multiple sclerosis that they vary from day to 
day, at times disappearing entirely. 

Vertigo is a common symptom, deafness is rare. Mental disturb- 
ance is frequently observed. There is a sense of wcll-iieing aud a 
boastfulness without delusions which suggests paresis. There is a lack 
of control of the emotions. At times there is involuntary laughing, 
which is causeless aud which annoys the patient, but cannot be con- 
trolled. There is imperfect memory aud a manifest weakening in the 
power of reasoning and of judgment. In mime cases (25 per cent.) 
attacks of epilepsy or of apoplexy with subsequent aphasia or hemi- 
plegia occur. ParsBsthesia is occasionally complained of, but anies- 
thesia is rarely observed. Pains sometimes give the patients distress. 

In some cases the spastic paraplegia with atrophy of the muscles, 
loss of control of the sphincters, ataxia, trophic disturbances in the 
■joints aud skin, and bed-sores make it evident that the spinal cord is 
;the part chiefly involved, and in these cases the other symptoms of bulr 
bar and cerebral nature may be slow in developing, or may not occur 
before the patient dies. 

48 * Monatsschr. f. Esych- n. Kearologie^ 1900, Bd. vii., p. 89. 
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In some cases the cerebral symptoms are the first to appear, espe- 
cially scanning speech and hemiplegic atta(;ks of temporary duration. 
It is in these })aticnts that the diagnosis may l>e made of paresis or of 
cerebral softening, and only afiter months or years, when the bulbar 
and spinal symptoms develop, is the right diagnosis reached. The fact 
that other symptoms of paresis do not appear within a year of the 
onset an<l that the physical signs of paresis are absent may aid in tlie 
diilerentiation between tlie two disitases. 

In a third tyjxj of cases tlie bulbar symptoms precede all others, and 
difficulty of swallowing, paralysis of the vocal cords, atrophy of tlie 
tongue, polyuria, and glycosuria, and attacks of suffiasation may occur. 

The course of the disease varies greatly. In some cases there is a 
slow but continuous progress in tlie symptoms, and afhsr some years 
the patient becomes helpless, and finally dies of some intercurrent dis- 
ease. In these cases tlie typical symptoms are so evident that the 
diagnosis is simple. In other cas(!S there is a slow onset of the spinal 
symptoms which increase in intensity, and tliere are sudden attacks of 
an epileptic or apoplectic type, or sudden attacks of blinilness which 
may subside. In still other cases there are remissions in all the symp- 
toms which may lie so complete as to lead to the hope of recovery, and 
reciurrence takes place only after some montlis or even years. Buzzard * 
who has recently called attention to tlie frequency of an intermittent 
course of the symptoms reports a case in which the symptoms appeared 
five times in the same patient, each time following a pregnancy and 
each time subsiding entirely after several months’ duration. In other 
raises the onset is rapid, many symptoms apjiearing in tlie course of a 
few weeks, subsiding and recurring in a scries of attacks. And lastly, 
tliere are cases which are said to go on to complete recovery by gradi^ 
subsidence of all tlie symptoms. Patients have died within two years 
of the onset. Others have lived for twenty years or more. It is thus 
evident tliat the multiplicity of tlie symptoms and their veiy irregular 
course makes any attempt to draw a picture of multiple sclerosis quite 
hazardous. It is also evident that a diagnosis can only be reached in 
the obscure cases by careful and long observation and by an attempt 
to eliminate all other organic and also some functional diseases. 

The interest which unusual cases of disease excites has led to the 
report of mftny cases of multiple sclerosis in literature. As a fact, it 
is a very rare affection. In my clinic but 109 cases have been seen 
among 31,502 patients, and in my private practice the ratio is about 
the same.* Spiller has confirmed its rarity in this country from a 
study of autopsy records in Philadelphia as well as from his lai^ 
clinical observation. It is as common as tal)es in Giermany and in 
England. Hence too great importance should not be attach^ to the 
space occupied by the disease in foreign literature. 

In one ]>aticnt, a male aged thirty-five years, no cause could be as- 
certained. The first symptom noticed was a stag^ring gait quite like 
tluit of a drunkeu man, which was not increase by closing the eyes 

•The Lancet, July 16, 1904. 

• Jellifle, Journal of Nervous and Mental IMsease, July, 1904. 
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and was not accompanicnl by any change in the kntHJ-jcrks. After this 
had bet*n present for some months the man’s friends noticed a clmnge 
in his 8j)eech which sism btH^ime typically scanning in chanicter. Then 
it was noticed that there was a change in his manner, so that he gave 
the impression of being weak-minded and silly, langluHl at everything 
which was ssiid to him, and did not appear to appretaate his condition. 
Examination showed lateral nystagmus but no optic atrophy or twular 
palsy and no actual panilysis. These symptoms had been coming on 
for a yeiir at the time I saw liiin, and hud nut been intermittent, and 
were not affected by treatment. 

In a second pitieut, male, aged twenty-four years, no ciiusc could 
be found. The first symptom was vertigo, whicit was increased by 
walking, and caused an irregular ataxic gait. Soon after a tremor 
began in the left hand which soon extended to the left leg atul inertused 
his ataxic gait, so that by the end of six mouths he stt4j^trcd amstantly 
and could hardly dress himself. This tremor was iucrc:tse<l by any 
mental effort, by emotion, or by any active movement. Ten months 
after the onset he noticed a disturbance of vision which was not due to 
optic atrophy, but was produced by a lateral nystagmus, which was 
constant in looking at any object or on turning his eyes. Almut the 
same time typiciil scanning speech was noticed by his wife. This 
patient had no sensory disturbiincc, no paralysis, and no mental symp- 
toms, but all his symptoms were rapidly increasing in intensity. 

A third patient, a woman age<l twenty-five years, had suffered for 
three years when first swm. Her symptoms began with tremor, first 
noticed in her head and neck, then in her haiuls, and finally in her 
body and legs, which wiis fiillowed by the slow development of a 
spastic gait attended by inenused knee-jerks. During the thinl year 
lateral nystagmus and scanning speech appeared. Her pupils and op- 
tic nerves were normal, and she had no mental symptoms, and her 
condition had remained stationary for some raontlis when hist siHin. 

A fourth patient, a woman aged thirty years, had suffered for four 
years. She had always been delicate, though she ciimc of strung stock 
and had no illness prior to this one. Her symptoms began with stiff- 
ness and weakness of the legs, which in six months had dcvelo|M!d into 
a spastic paraplegia with extreme contractures and loss of control of 
the sphincters. Then severe vomiting and indigestion began, which 
weakened her greatly, and for some time she had to be nourished by 
enemata. Then for tiirec months she lay in a state of semiconscious- 
ness, bein^ fed by rectum, her bowels and bhidder being evacuated 
artificially. Of this period she had no recollection, and it was with 
difficulty that she was kept alive. This condition and the paralysis 
were supposed to be hysterical, and an attempt was made by orthopedic 
apparatus to extend the contractured legs and to get her to walk. 
During this treatment, which lasted six months, her hands began to 
tremble, her speech became scanning, her eyesight became poor, and 
she saw double. Attempts to stand caused great shaking of the entire 
body and head, but became more and more successful, so that she was 
able to walk with the support of two persons, and recovered control 
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of her sphincters. After three niontltS of a fair degree of comfort her 
memory begsin to fail and her control over her emotions was much 
wcjikened. Tlieu the intentional tremor increase<l rapidly, so tliat no 
voluntary movement was possible. There was no paralysis of the 
limbs when I saw her. There was a loss of knee-jesrks, nystagmus, 
paralysis of the loft extarual retrtus, no loss of pupil niflex, vision was 
perftMst, there was marked tremor of the iiiteution tyjw, and typical 
scamiiiig speech. Her manner was childish and hysterical. 

Diagnosis. — The <liagnosis from locomotor ataxia, spastic para- 
plegia ataxic paraplegia, and amyotrophic lateral sclerosis is to be 
matle (1) by the appearance of bulbar symptoms and cerebral symp- 
toms, wliich do not occur in these discuses — e. g., scanning s|M!cch, 
nystagmus, and lack of mental activity, and an emotional stotc ; (2) 
by the lack of many symptoms which are chamcteristic! of these 
disease's ; (.’I) by the course of the case with remissions which do not 
occur in these affections. The diagnosis from cerebral disease, from 
paresis, multiple sofltening due to atheroma and brain tumor is to be 
iiuide by the presence of intentional tremor and a scanning spetech which 
docs not resemble the trembling, indistinct pronunciation of the 
paretic; the absence of severe dementia; the absence of delusions; 
the abscdufc^ of headache, vomiting, and choked disks ; the preserva- 
tion of pupil action; the intermittcnce of the symptoms, and the 
irregular course of the case. Toxic tremors and piiralysis agitans 
never resemble intentional tremor and lack all other symptoms of 
multiple sclen)8i8. The diagnosis from hysteria may be at all timers 
difficult, cspciiially as hysterical manifestations frequently occur in the 
course of multiple sclerosis. Both diseases occur in young persons, 
though hysteria is more common in won)eu and multiple sclerosis in 
men. Both diseases may follow an emotional shock, or a trauma, or 
an infc(;tious disease. Both present a multitude of incongruous sym^v- 
toms which come and go suddenly without apparent reason, and 
manifest great changes in character and course. B^anning s})ce(;h and 
intentional tremor have been seen in hysteria. Nystagmus is never 
an hysterical symptom ; optic atrophy is never hysterical ; the jweuliar 
oscillation of the head and body is not seen in hysteria, and loss of 
eontrol of the sphincters is never hysterical. In the majority of cases 
a study of the individual, her heredity, nature, character, and her 
surroundings, and the discovery of the stigmata of hysteria •will enable 
a diagnosis to l)e reached, though Buzzard, Opj)euheim, and every 
sjiecialist has been obliged to confess to occasional mistakes in diagnosis 
which were apparently inevitable. The knowledge of the possibility 
of such mistakes should intensify the eflfeirt to obtain objective proof 
of the existence of multiple sclerosis. So long as subjective symp- 
toms only are present or symptoms which can be voluntarily simulate 
no one can be certain of a diagnosis. 

There is a condition describe by Westphal as “ pseudo-sclerosb ” 
which presents symptoms almost identical with multiple sclerosis, yet 
in which no lesions have been found. In this condition the mental 
symptoms, delirium and an apatlietic state going on to moderate 
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dcmcatia appear early au<l are more imtrkcil than in multiple sc^lcrosis ; 
the tremor is a slow one, the movements Iwing hut two or thix*o to the 
second, and may ocemr during rest ; all movements, even 8|khh*1j, are 
unusually deliberate ; nystagmus and optic atropliy do not develop. 
Marie considers this disease of Westphal as a form of hysteria, but 
Strumpell, wlio htis studied two cases, 8U|)ports Westphal’s contention 
that it is a neurosis, not hysterical in origin. It is not improbable that 
new histologi(‘4il methiHls may reveal a lesion as yet not discovered and 
as widespread as is multiple sclerosis. 

The diagnosis of multiple sclerosis from Marie’s form of hereditary 
cerebellar afcixia requires consideration, sim^e both diseases develop in 
youtit, both arc attended by ataxia, nystagmus and tnanor of the liead, 
body, and limbs, and by mental failure. In multiple sclerosis some 
spastic paraplegia asually pretsedes the atiixia ; this is not often of 
cerebellar type, and is atteudc<l by exaggerated reflexes. In multiple 
sclerosis optic atropliy is common, but it has not bet*n observeil in 
Marie’s disease. Tlie course of the disease is stciwlily pnigressive in 
Marie’s dise.ise, while in multiple sclerosis intermissions and remissions 
are the rule. 

Tlie iliagnosis of multiple sclerosis from cerebro-spinal syphilis is 
iliscusstal in the next chapter on piigc 681). 

Prognosis. — The prognosis in multiple se-lerosis is unfavorable for 
recovery, but the condition does not make rapid progress, and sus 
remissions in the symptoms occur spontaneously some relief from time 
to time m ay be promised. In a few cases the symptoms have subsided 
and have not returned for several years. The cast's whi(;h have been 
reported as cured lielong to this form. The earlier its devclojmient in 
life the better is the chance of its arrest. Even blindness leas been 
known to subside, and, as the optic atrophy is never total, some 
degree of vision may be assured. The appearance of bulbar symp- 
toms should always give rise to apprehension, as some ciases of ra]>idly 
fatal termination from paralysis of deglutition or from respiratory 
failura have been reconled. 

Treatment. — It is essential that patients should avoid physical 
exertion, and a rest cure often helps greatly to arrest the disease. 
Even voluntary movements of the liands and too mneh tsdking may 
be avoided. The nutrition must be kept at the best ])ossiblc point, 
fresh air, good food, tepid or alcohol sponge baths, massage, and all 
kimls of Umics being employed to increase the store of enenfy. As 
a rule, very hot batlis arc to lie avoided, also cold shocks. A daily 
bath at 90® P., followed by rubbing, and salt I>aths at 95° F, are of 
much service. These patients do well at Nauheim and in water-cure 
establishments. Ghmeral galvanization has been thought to be of use. 
In regard to tlie use of drugs, I have seen apparent benefit follow the 
use of arsenic, quinine, and salicin, and would urge these remedies, 
which may be usetl in succession two weeks at a time. Cod-liver oil 
is also of service. There is little effect to be expected from the use 
of mercury or of iodide of potassium. Nitrate of silver, once highly 
praised, has been abandoned. 



CHAPTER XXXVII. 

SYPHILIS OF THE NERVOUS SYSTEM. 

Whit.k it must 1h! iulmittod that syphilis is the cause of many forms 
of nervous distsise ; neuritis, <!ert!bral and spinal affections, and func- 
tional disturbances, it is also to l>e borne in mind that tltcrc is nothing 
pathognomonic about syphilitic nervous diseases. If therefore one at- 
tempted to describe such discfises as a separate entity, one would be 
obliged to restate many facts elsewhere presented in diis work, view- 
ing them therefore fnirn one side only. On the other hand, there arc 
many interesting facts in connection with tlie syphilitic element in 
these diseases which need to be mentioned. In this chapter some of 
these tiicts are consldere«l, reference however being constsmtly made to 
other sections of this book in which tlic symptomatology and diagnosis 
of the different diseases are more fully set forth. 

Nervous manifestations develop in about ten per cent, of cases of 
syphilis, as shown by the study of shitisties from large clinics and 
liospihds. These maniiestations may appear witliin a few mouths of 
the infection or they may not develop until many years have elajised. 
In some cases the nervous disease is a result of inherited syphilis. 

It has been notiecnl by many authorities that nervous symptoms 
appear more commonly in those who have suffered least at the onset, 
and a mihl attack of syphilis, or a thorough course of treatment in 
the first and second sfeiges, does not exempt the victim from serious 
nervous diseases, as a tertiary manifestation. In fact in stmic eases 
these nervous diseases develop even during a course of antisyphilitic 
tn^tment^. 

Pathology. — The pathological changes which are found in syphilis 
of the nervous system are of three kinds : 

I. Syphilitic endarteritis with consequent malnutrition and later 
with thromlmsis and consequent softening ; 

II. Syphilitic exudations about the bloodvessels in the meninges 
with the prisluetion of gummy tumors, often multiple ; and 

III. Syphilitic chronic hyperjdastic inflammation with cellular infil- 
tration of t lie membranes and of the brain, spinal cord or nerves. 

These three conditions are very frequently combined. In fact it is 
the exception to find at an autopsy one of these alone, and hence it is 
rarely jMissible to draw a conclusion as to the patliological condition 
present from a study of the symptoms. In the majority of cases which 
are examineil after death an extensive endarteritis is present, infiltra- 
tions and exudations aliout the vessels and in the nervous substance are 
fomid and gummata exist. 
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In addition to these active manifestations of syphilis in the nervous 
system characteriml by objective lesions, we also have to admit tlie 
existence of a number of postsyphilitic or jxirasyphilitic diseases of u 
most serious type, without any characteristic pathology. These arc 
syphilitic neurasthenia, piresis, tabes, and spastic {uiraplegia, all of 
which can in the large majority of instances be ascril)ed to the disease. 
They are due to degenerative proccsst's in the neurons, whether as the 
result of the direct action of the microorganism, or of the toxin, or of 
the antibodies, or of some byprotlucts of tire microorganism, or of some 
antitoxin produml in the laxly in its effort to destroy the spirochseta 
pallida we cannot yet affirm. 


Fia. 276. 





Scetlous through a group of cerebral artcriea abowlng endarteritis sjrpbllltlca In earloua 
■togca. Thrombi are aecn in two of the vcaaela. 


The determination of the syphilitic element as a factor in any of 
these various forms of nervous disease can now be made by tlie dis- 
covery of lymphocytes in the cerebro-spinal fluid obtained by lumbar 
puncture, and also by the Wassermann test of the blood. And as thera- 
peutic measures must be guided by this determination, as well as the 
prognosis motlifled in any one case, the importance of these tests cannot 
be overestimated. 

1. Syphilitic Endarteritis and its Besolts on the Nervous System. — 

Syphilitic endarteritis produces a progressive diminution in the calibre 
of the bloodvessels, both in the arteries, as Huebner has shown, and in 
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the veins, as Reeder has shown. This has already been descrilKsd on 
jMigo 409. The decreased supply of blood consequent upon the ob- 
struction to its flow causes a state of malnutrition of the part of the 
nervous system siipplicKl by the vessels affecte<l, and eventually leads 
to thromlaisis in thost^ veasels, followwl by a localized softening in the 
area cutoff from its bloo<l supply. The pathology of a syphilitic soft- 
ening differs in no way from that produced by embolism or thrombosis 
of non-syphilitic origin (see jmge 473 and Figs. 211 to 214). 

Fio. 277. 



Vein In pia mater with swollen and Infiltretcd wall. Kosln-mcthylene-bloc stain. 

Magnification 170. (Barrett.) 

The symptoms of this condition arc, in the early stage, those of 
imperfect function of the brain or of the spinal cord. The patients 
prestmt at first symptoms of neurasthenia, viz., headache, vertigo, in- 
somnia, inability to work or to concentrate the attention, defects of 
memory and irritjibility of temper. Later they liave slight temporary 
suspensions of function, such as partial aphasia, numbness in one limb 
or in one half of the body, double vision, or staggering ^it. Stimu- 
lants to the heart relieve these symptoms temporarily, but after a 
series of such prodromata an apoplectic attack occurs. The various types 
of a])oplcctic attack have been already described on psige 483. An hemi- 
plegic or aphasic attack in a person between twenty and thirty-five is 
usually due to syphilitic endarteritis with thrombosis. It may be less 
severe than an onlinary attack of apoplexy and there is usually no loss 
of consciousness. It is not infrequently attended by a general convul- 
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fiion. Sometimes a stsite of somnolence may last for several days and the 
mind be much disturlKKl and bewildcre<l. The subscHiuent course of the 
disciisc resembles that in an ordinary u{K)plcxy, and the fact that the 
origin of the attack is a 8{)ecilic eiidiirteritis docs nut improve the prog- 
nosis. Antisyphilitic tresitment will not benefit the comlition, although 
it may bo indicated to prevent other attacks. 

If the endarteritis affects the spinal bloiKlvessels there occmrs a pro- 
dromal period of indefinite spinal pain, simsatiuns of numbness in the 
legs and about the trunk, occasional difficulty iu the control of the 
sphincters, and a delay or loss of the seussitiou of pain in the legs. 
Then a sudden attsick of paraplegia ensues with all the symptoms of au 
acute myelitis (see piigc 404). The course of such a case is slow ami 
the pnispect of recovery is bad. Here again antisyphilitic trciitment 
has no effect in restoring the function of degenerat«Kl nervous tissues. 
For more complete details of the effects of syphilitic emlai’teritis, the 
reader is rcferretl to the chapter on vjiscular diseases of the brain (pi»ge 
460) and upon myelomalacia (page 401). 

II. Syphilitic Exudations. — Sy{)hilitic exudations about the blood- 
vessels and in the meninges of the brain and spinal coni arc very 
common as a se<}uel of syphilitic disease, especially as an early mani- 
fcstiition, cases having been observed within six months of the initial 
lesion. They may occur as a diffuse gluc-like mass over a lai^ area 
of the surface or biise of the brain or cord as shown in Figs. 278 and 
279, or they may be more distinctly encjipsulatetl, forming a definite 
gummy tumor, and such gummy tumors are ofitcn.multiple. The glue- 
like sul)stiince is deposited rapidly aud extensively through the meninges 
and pnaluces pre.ssure ujion the subjacent brain, or cranial nerves, 
or spinal cord and nerves, and upon the bloodvessels. It therefore 
causes a suspension of function both of the tissues eompresstsl directly 
and of regions at a distiince when their blood supply is cut off. 

The usiuil history of a case of bniiu syphilis is as follows : After a 
period of several weeks of indefinite nervousness with inability to work, 
discomfort and restlessness iu the late afternoon, with dull headache 
worse at night, aud 8leeplessne.s8, the patient is suddmly sciml with 
very intense headsichc, is dizzy and secs double. He may have numl)- 
ness in one side of the body and a feeling of incaisicity for all thought 
or effort. On examination a third nerve palsy may he dis<sover««l, or 
a beginning optic neuritis and ])oasibly a slight hemiplegia or hemi- 
ansesthesia. An epileptiform attack occasionally precwles the onst4 or 
may occur* after other symptoms have ap|)eare<l. The condition if 
promptly treated soon begins to improve, the ptosis and strabismus 
subside, and in four or six weeks the patient bos no objective signs of 
the attack and is free from symptoms. If it is not treatol the symptoms 
of brain tumor upon the Imse ensue. This is tlie usual history of an 
exudation of gummy nature upon the base of the brain alamt the crura, 
its point of most common occurrence. 

The frequency of fxjulo-motor palsy as an evidence of cerebral 
syphilis has been noted by all writers. Grfiefe stated that more than 
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a half of all oculo-motor palmes arc of syphilitic nature. The nerves 
supplying the eyeballs have a long course upon the base of the brain 
and any exudation there is liable to aflFect them. Irregularity of the 
pupils, a loss of reaction to light, ptosis, strabismus from partial 
paralysis of single eye muscles, or all the symptoms of a third nerve 
or sixth nerve iKtralysis may develop. In 2.59 cases of brain syphilis 
Uhthoff found the oculo-motor nerve affected in 96 cases. Not infre- 
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Multiple gumiuatu upon the baw of the brain and about the cerebellum (Steiyerliug ) 

quently both third nerves are affected. Double sixth nerve palsy is 
very rare. Such palsies usually subside rapidly under treatment and 
leave no permanent effects. 

Or a patient may suffer from gradually increasing localized headaches 
or diffuse pain over the entire head, which may last for weeks without 
further manifestation ; or may be followetl by a gradually increasing 
mental dullness going on even to dementia. Changes in tlie pupils, 
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inequality, or sluggish action or failure to contract to light are often 
found, and sometimes an optic neuritis a])pcars. Occasionally epileptic 
convulsions occur, cither localized Jacksonian attacks or general con- 
vulsions. These may be the only symptoms of a general syphilitic 
meningitis of the convexity. If to this are added gummy exudations, 
the local signs of brain tumor may appear. 

The pressure of syphiliti<! exudations upon the bloodvessels of the 
brain adds to the complexity of the symptoms, often causing pseudo* 
apoplectic attacks. 

Fra. 279. 



Gumma lying on the aurfuee of the cerebrum. From an exudation on the uu<lor surface of the 

dura, (ijirkiu.) 


In syphilitic exudations within the Sylvian fissure the prcssimt may 
produce a stasis in the Sylvian artery, causing a sudden hemiplegic and 
aphasic attack and convulsions. If the basilar artery is (X)mprcssc<l, 
very irregular symptoms of bulbar palsy appear and a fatal termination 
may follow. Yet even in these cases recovery is |X)ssible if under 
brisk treatment the exudation is absorbed and the pressure removed. 
I have seen one case of total aphasia and hemiplegia receiver entirely, 
although the pressure symptoms remained a week. I have seen a case 
presenting all the signs of acute bulbar {Mindysis with a state of coma 
lasting ten days followed by complete recovery. I have seen a case 
with all the symptoms of brain tumor attended by unilateral and gen- 
eral convulsions, reaching the numlxjr of eighty attacks in one day 
which entirely recovered. Such facts make it evident that a brisk 
antisyphilitic treatment may cure even in desperate cases. 

The usual history of a case of syphilis of the cord is as follows : 
After a period of severe backache the patient notices a difficulty in 
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passing witer and an occasional leakage of urine ; a loss of sensation 
to cold, and an inability to distinguish differeutses of tem|)eratnre in the 
legs and body. S(M)n he feels a girdle sensation and has sharp sh(M)ting 
pains in the limbs. Then his movements become stiff and weak, 
motions of the spine increase both the backache and the sharp piiins, 
an increase of rt'flexes is discovered, and some general amesthesia in 
the legs, a loss of vil)ratory sensation or of sensiition of cold, and imjK)- 
ten<!e. In the cours(i of a week or two partial paniplegia develops, 
usually with considerable pain in the back, especially in tlic dorsal 

Fig. 280. 



Syphilitic meningitis of spinal cord. Section from the midtlioraclo region of the spinal cord, show- 
ing the thickening of the membranes and their adhesion to the cord, a, a, a, o, a, degeneration of the 
peripheral parts of the cord. (Splller.) 

region, the arms being exempt. This history indicates the develop- 
ment of an acute meningo-myelitis with gummy exudations about the 
dorsal region of the cord, and a cell infiltration about the periphery of 
the cord, causing degeneration in various columns. At this point by 
active treatment the progress may be arrested and a progressive im- 
provement results. Complete recovery may ensue, but is rare, and. 
patients usually remain stiff and weak in their legs and back, and sub- 
ject to pancsthesini and often unable to control the bladder and rectum 
completely. Their gait is spastic. 

Sometimes the lesion is limited to the meninges and does not affect 
the coni ; then jiain in the back and pain referred to the limbs are 
[irumihcnt symptoms, and rigidity of the spine develops, giving rise to 
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a picture similar to tliat seen in cervical or lumbar pu^hymenin^itis 
(see page 452). Many clironio backaches are due to tliis conditiou. 
When the exudation is about the cauda CHpiiim the piins are felt in the 
legs or feet and there may be inability to control tlie sphincters. 

A spe<;ial type of spinal syphilis 1ms been dcscribetl by Erb. This 
is probably dne to an endarteritis of those spinal vesstds which enter 
the cord around the imriphery, and as tlicse vesstils are inon; numerous 
on thclatei'al surfaces the eflect of the obstruction of circulation is seen 
in the <legener.ition of the fibres and tlie doveloj)inont of a secondary 
sclerosis in these lateral columns. In other eases it is a ehnnuc 
thickening of the meninges about the dorsjd region wliich leads to 
pressure on the cord and to secondary lateral sclerosis. In still other 
eases Erb’s sjmstic paniplegia must be ascribed to a primary degenem- 
tiou in the fibres of the lateml columns often combined witli some 
scilerosis in the posterior columns.' In all these jmthological forms 
the symptoms are the same, viz., a slowly advancing spastic para))lcgia 
(see page .3.3.3). In still other cases the exact locidizsition of the spinal 
symptoms malces it evident that a single gummy tumor is compressing 
the cord (see page 442). There is nothing parti(!ularly (4mra<?t(!ristic 
of gumma Jis distinct from other tumors of the brain or coial ; and from 
a study of the general and locid 8ym])toms it is not possible to determine 
that the tumor is s])ccific. But in any case of tumor it is wise to give 
the {Kiticnt the benefit of the doubt, and if under mercury and iodide 
the symptoms subside rapidly, tlie diagnosis is clear. 

III. Syphilitic Hyperplastic Inflammation. — Syphilitic hyperplastic 
inflammation with an infiltration of the membranes and of the brain or 
cord by small cells, is the usual a<;companimcnt of exudative processes, 
but may otscur without the production of gumma. It may (;ause chronic 
meningitis, or it may produce chronic indunitive or stilerotic jiatchcs 
through the nervous tissues. If the meninges are chiefly involvwl the 
symptoms will be those of chronic meningitis (see pages 452 and 457). 
If the brain is afleeted the symptoms will be very similar to those of 
general paresis (see page 5.36), for loctdizcKl patches of cnce|>hnlitis with 
degeneration of the neurons may occur (Fig. 28 1). I have seen a 
number of cases in which it was imfiossiblc to determine whether the 
patient had a disseminated syphilitic induration of the cortex or 
paresis, as all the mental and physical symptoms of jiarcsis were 
present, but in which antisyphilitic treatment was followed by com- 
plete recovery, now permanent for fifteen years. This lact indicates 
the propriety of trying such treatment in oases supposcslly jiaretic. 

If the spots of induration are widely scattered through the brain, 
cerebral axis and spinal cord, the symptoms will be identical with those 
of multiple sclerosis. The diagnosis may then be difficult, as ^ktehs ’ 
and Spiller * have indicated. Ocular palsies, optic atrophy, difficulty of 
speech, mental changes, attacks of an ajmplcctic nature and a spastic gait 

* For the mthological basis of Erb’s casess ec Nonne, Deut. Zeitsch. f. Nerven., Oct 
1907. Also mnner Dent. Zeitsch. f. Nerven., June, 1%8. 

*>Sachs. Phil. Med. Jour., 1898. 

’Spiller. Amer. Jour. Sci., June, 1907. 
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with increawHl reflexes are common to both diseases. The development 
of an Argyll Robertson pupil, of rotary nystagmus, of a tremor which 
is distinctly increased by voluntary motions, of speech which is typically 
scanning rather than merely hesitiiting, the lack of complete remissions 
in the course of the case, its steady increase of symptoms and its im- 
provement under specifle treatment are all in favor of a disseminate<l 
syphilitic process rather than of multiple sclerosis. In any case where 
the diagnosis is impossible a test of tlie spinal fluid or of the blood 
should l)e made, as the treatment and prognosis are very different in the 
two diseases. 

Fio. 281. 



Area of encephalltia. A, InflUrated pla mater. foeus of granulation tlaana O, aonca In which 
glia and non-nervoua elements are prollfentlug. D, layer of epithelioid cells lying along the edge of 
(£) white aubatauce. Nlaal stain. Magnification Ifi. (Barrett.) 


Occasionally the peripheral nerves are involved, causing symptoms 
of neuritis. 

1 Y. Parasyphilitic Diseases. — The parasyphilitic diseases are evi- 
dence of degenerative changes in the neurons. It is still uncertain 
whether they are produced directly by the toxic action of the syphilitic 
poison, or by the antitoxins produced in the blood as the result of the 
syphilitic infection, or in some other unknown way. That syphilis is 
the most important factor in the production of tabes, lateral sclerosis 
and paresis, is admitted by all, while some go so far as to say that it 
' is the only factor. This question has been discussed in the chapters 
devoted to these tht^ diseases and requires no further mention. 

V. Hereditary Syphilis. — Hereditary syphilis manifests itself in 
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some cases by the protlmstion of nervous diseases. It may show it«df 
in any or all of the lesions desc;ribed in tliis ciiapter, the inliltnition of 
tile tissues and meninges being most common, though a combination of 
endarteritis and meningitis is sometimes found.' It occasionally causes 
cerebral atrophy in infants with its symptoms (sei! ChapU!r XXVIII). 
Many anomalies of development of the lirain and some cases of hydro- 
cephalus are traceable to hereditary syphilis. Some east's of epilepsy 
are due to it and in every such case developing in childhotHl this factor 
should lie eliminated. In one of my cases of epilepsy in which all 
such inheritance was denied, the appearance of Hutchinsoniau teeth 
gave a clue and the epilepsy gradually ceasetl under s{)ecitic tivatmcnt 
when bromides had failed. Cases of juvenile panrsis, of juvenile talx's, 
and of juvenile spiistic paraplegia have all been traccHl to inherittHi 
syphilis. The Wassermaun test will in any case determine the exist- 
ence of hereditary syphilis. 

Diagnosis. — In any doubtful case, where the patient <lenies syphilis 
but where the combination of symptoms letids to the suspicion of its 
existence, it is the duty of the physician to have the Wassermaun n?st 
of the Idood made. The Wassermann reaction, briefly outlined, is us 
follows : Two tul)e8 are prepared with the following contents . Tube 1 . 
Extract of the liver and spleen of a syphilitic fetus, representing the 
syphilitic organism (or antigen), plus serum to be tested. Tube 2. 
Red bl(Mxl cells of sheep or other animal, suspcndc<l in normal sidine 
solution, plus serum of a rabbit which had been immunized to the par- 
ticular red blood cells used. Complement (a substance ntjcesHary to 
all immune reactions, which exists in the fix^sh s(!rum of all animals), 
in the shsipe of fresh normal guinea-pig serum, is now added to Tube 
1 and allowed to stand. At the end of a half hour the contents of 
Tulx! 1 are added to that of Tube 2. If the scrum in Tube 1 has come 
from a syphilitic individual, its relation to the extract of antigen is a 
specific one, and complement will be absorlxsl thereby so that, when 
the contents of Tubes 1 and 2 are joined, no hemolysis of the red bhxxl 
cells in Tube 2 will take place. If the serum is not fnmi a syphilitic, 
complement will not be absorlnxl, but will remain active and cause 
hemolysis in Tube 2. Hemolysis is observed in the test tulx! as a 
tingeing of the whole field with a transparent red color. The rtd 
corpuscles have been disintegrated and the hemoglobin liberated. In 
the absence of hemolysis the solution of red cells remains turbulent 
and opaque. The test, of course, involves numerous controls and a 
careful standardizing of the hemolytic serum and of the syphilitic 
extract. 

In many cases of neurasthenia and of psychasthenia with marked 
fears of syphilis it is wise to subject the patient to this test : if his fear 
is confirm^ a clue to treatment is obtained, if his fear has no basis he 
will be helped by the knowledge. 

A reaction of ^e spinal-cord fluid recently discovered by Dr. Noguchi 

* Bonke. tlber OehimTeribiderungen bei angeborenen Syphilis. XeuroL Centralbl. , 
Nov., 1908. 



^88 SYPHILIS OF THE NERVOUS SYSTEM. 

at the Rockefeller Institute is an equally positive jins)! of syphilis. 
This is described by him as follows : 0.1 c.c. of the 8])inal fluid to be 
tested is pluce<l in a test tube whose diameter is 1 cm. or less. To this 
is added 0.5 c.c. of a 10 jwr (Mjnt. solution of butyric acid. The tube 
is now heated until the fluid is bubbling, and while still hot 0.1 c.c. of 
a normal (4 per cent.) solution of stjdium hydrate is added. In nearly 
all spinal fluids an ofnilescem^e or cloud occurs, but in the spinal fluid 
of a syphilitic person the cloud S(K)n st'pjirsites into a definite floccu- 
leuce which is characteristic. The flocculenee usually apiwara in a few 
moments — rarely requiring more than 20 minuto. The reaction 
shown by Dr. Noguchi has the advantage of being positive in a quan- 
tity of 0.1. C.C. or less, and of being a qualitative as well as a quanti- 
tative k‘st. What the flocculenee may mean is not known, but it 
may consist of some globulin fraction which is found only in syph- 
ilitic or luetasyphilitic disorders of the nervous system. That the re- 
action is not entirely qusintitativc is shown by the fact that many 
fluids from non-paralytic cases give much richer clonds than those from 
paresis, but in such cases the clouds <lo not flocfculatc. 

Treatment. — The treatment of sy])hilis of the nervous system is as 
follows : Whenever a history of previous infection is obtained, or 
whenever its existence is strongly suspcchnl, it is imperative to make 
a trial of spcciflc treatment. Mentury is to be u.sed by inunction, one 
drachm of the ointment being rubl)cd into the skin daily until a slight 
physiological effect is produced. It is well to mix the oflieinal blue 
ointment with an c(|ual {xirt of simple cerate or lanolin, as absorption 
is then more complete. The inunction may be made upon the back or 
upon various parts of the laxly and extremities, a new part being 
chosen daily. It is better absorbed if the part selected be thonmghly 
washed with warm water and soap and tlien with alcohol or ether 
before the application ; and after the applictitiou — which should lx: 
thorough and therefore should take half an hour — a tight flannel 
bandage should be applied oVer the ixirt rubbed ; thus what is left on 
the surface is gradually absorbed. It aids materially in the effect if 
the patient takes a warm bath (98° F.) (hilly for twenty minutes. The 
protiuetion of salivation is to be avoided. If inunctions cannot be 
employed the mercury may be given by the stomach, the protiodide, 
in dose of from grain to | grain three times daily, being the liest 
preparation. The amount may be ine'reasod gradually until a slight 
diarrhoea is produced, and then a dose a little less than that which 
causcxl the diarrhoea may be kept up for some time. I prefer the 
French pills of Gamier and Lamoureux, as of uniform strength and 
obtainable everywhere, and I use from 3 to 12 of tluse pills daily. 
Corrosive sublim.atc may be employed — from grain to grain 
three times daily — in the same manner. The advantage of the methcxl 
by inunction is that it d(x« not aflfect the digestion unfavorably. The 
same advantage is afforded by hypodermic injections of mercury which 
some prefer. Iodide of potassium is to be given in connection with the 
mep;ury,in gradimlly increasing doses, from 15 to 100 grains three 
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times dsiily. It should be administered, very largely dilute«l, in an 
alkaline water after mesils, or else in a bitter tincture before meals. It 
is well to reduce the large dose of the iodide after a month, and then 
to eontinue it in 2.')-grain doses three times <laily for two or three 
months longer. Iffrw! elimination of the iislide is secured by tlie use 
of laxatives, of diuretics (of which water is the b(>st), and of warm 
baths «laily, it can be taken for a long jK'riod. 
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CHAPTER XXX VIII. 

CAISSON DISEASE, 


Etiology. — Persons wlio Iiavo worked in csiissons or in deep mines 
under liigii atmosphcrie pressure, or under tlie sea in divers’ garments 
under high atmospheric prcssuix), are occasicuially seized with jiandysis 
ou coming <mt into the ordinary air. This paralysis has, therefore, 
IxMfu as<!ribcd to the sudden change of atmosplieric pressure, it being 
supi)os(Kl that the syst<!m a(;cust4>ms itself to a very much increased 
preasurc — siiy of four to six atmospheres — without <liffieulty, but that 
the siuldeu rmnoval of this is the cause of the paralysis. Hence, at the 
present time, where individuals have; to work subjectwl to sueli j)res- 

Fj(i. 282. 



Caiasun Ulsoase. Air lmbbk« in th<' veins of the bruin. ( l.Arkin.) 

sures provision is usually made to remove this pressure very slowly. 
Thus nuKlern mines and caissons have several intermediate chambers 
in which the workmen are advised to remain for one hour or more, 
thus micustonting themselves gradually to the ordinary atmosphere, 
and if this precaution is observed no ill results follow. 

It has Ixien found that ortliiiary healthy men of g(K>d habits are very 
much less liable to the di.sease than men who indulge in alcohol freely, or 
who have some form of heart or kidney disease, or who are very fleshy. 

090 
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Workmen gradually become accustomed to endure pressure, and hence 
there is a greater danger for new hands than for tlu* older workmen. 

Pathology. — A remarkable condition of air embolism in th(! veins 
and capillaries of the brain and spinal cord has beem found as tlie 
primary lesion in these casc;s. The sudden relief fnim llie e.\tra- 
ordinary atmospheric pressure has the same effect on the blood that it 
has in champagne when uncorked ; giis is cvo1v<h1 in tlie fluid. Tlie 
gsjH emlwli act as other emboli act in obstructing the (‘irciilation and 
pnalucing sticondary infarctions and consequent softening, Tlie extent 
of this softening may lie large or small *lc|xindiug upon the size of the 


Fui. 28 ;t. 



lA*8iou of the cord in caisson diseaHC. A lar^e cavity ia imm>u iillctl with uccrtitic d(‘hriM of the 
curd cougulaU^ by the iin‘8i‘rvutivc» ( l^arkln. ) 

vessel bhuiked (Fig. 282). In the nnyority of (susi's tlie emlioli are of 
microscopic size? and located in the wipillarics, licnec the amis of 
infarction are minute, and as the anastomosis is siiiliirient to reiistali- 
lish the circulation and nutrition there is a rapid restoration of fniu^tion 
aud a progressive recovery. In other eas<‘s where the infiirc-tions are 
large and where softeuing of the brain itr eord follow, there is a raji- 
idly fatal termination or a chrouu! state ot* jiarulysis remains. 'J’he 
lesions in the cord resemble those already described in the seetioii ujioii 
myelomalacia aud are shown in Fig. 28.“}. There are lieinorrhages in 
the cord diffusely scattered aii<l surrounded by small n*gions of acute 
myelitis. There is an iufiltratiou of the cord by small cells and iiy 
lymphocytes, and the development of fatty degenenitioii both in the 
cells and in the fibres of tlie cord. Vacuoles form on tlie cord. Air 
emboli have been found on the meninges of the coni in cases whicli 
were rapidly fatal. In the cases which survive a few days tliese air 
emboli are not found, hut the infarctions and the degenerative changes 
of myelomalacia are everywhere seen. Occasionally the lesion in the 
eord is a transverse one only ; usually it is disseminated widely. 

S3rmptoms. — The symptoms of the disease develop very rapidly 
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within a ehort time al't<!r the exit of tiie individual from the caisson 
into the ordinary air. These symptoms arc very numerous and arc 
mentioned in the order of frequency of their occurrence. Pain is the 
cliief symptom and is usually felt in the back and in the limbs, so that 
the patient falls to the ffromul and is unable to move freely on account 
of the distiomfort. This |Kiin appears to Ik; located in the muscles, 
bcinjr a true myalgia. It is usually general but occasionally is limit(>d 
to the muscles of the batik, sometimes to the muscles of a single limb. 
It is attended by considerable tenderness of the muscles to pressure 
and any attempt at movtiinetit increastis the pain. 

Pain in the joints is also very commonly felt and may give risti to 
considerable distibility. This is next in frequency to pain in the 
muscles. It may be genenil, all the joints Ix'ing affected, but it is 
usually (iunfine«l to tlui knees, the hips, the shoukhirs, and the elbows. 
It is not attended by any swelling or rwlness, or heat, and therefore 
the dis(iase can Ixi distinguislu'il from ordinary rheumatism. 

The sym])toms next in frecjui'iicy to these pains ari* symptoms 
niferable to tlus car. Thesis aix* seveit' eannJie, tinnitus auriiim, deaf- 
ness, and intense vertigo, tog<‘ther with the sense of prostnition and 
vomiting which are not infrequent accompaniments of disturbed circu- 
lation in the ear. Uupture of the drum has been fretpuaitly observed 
ami hemorrhages from the ear are not nn<-oinmon. 1 he hearing may 
be temponirily impairod, but usually in the course of a few days these 
sympton>s subsi<le and tlie |Kitient re<‘overs his hearing completely. 

Another set of symptoms are those referabh! to the luu’vous system. 
They are both <?«(rebral and spinal. The cerebnd symptoms consist of 
hea<la<rhe, prostration, feelings of faintiu'ss, nausea, vomiting and ver- 
tigo, double vision, sonxitimes smhlen blindness or »leafness, and diffi- 
imlties of s}M*ech and of br(*athing. Many eases have been ol)serv»!il in 
which a monoplegia or luaniplegia has ensntHl, and many patiemts have 
suffered from attacks of ajdiasia, either motor or sens(»ry. Sonu'times 
th<* jreneral symj)toms accomjKinying thest; cerebral symptoms are such 
as to indicate a great in(!reas(> of intracninial pressure, the pjdse tension 
rising to 200 or over, the pulse being slow, respirations stertennis or 
Cheyne-Stokes in eharaet«>r. Several csiscs that have prescutwl such 
symptoms have been operate*! upon, a decompression ojwration for the 
ix'lief of intracranial pressure having been done, an«l in these <‘ases the 
<lnra has bulged and on opening the ilura it has been evident that an 
effusion of fluid into the ventricles has pnalueed this great pressure. 
In the majority of instances such decrompressive ojierations have not 
been suc<*c>ssful in ssiving the life of the patient. Yet when such 
symptoms oecair it secmis m(ees.Siiry to attempt such relief, and tapping 
tlu> ventricles is to be attemjitetl if lumbar puncture has failed to relieve 
the symptoms. Many jwitients pass into a state of coma after these 
cerebral symptoms and die, but in some cases a gradjial recoverj' 
ensues and the |)ittients may recover entirely or may be left with only 
a slight hemiplegia or monoplegia, or a mild aphasia. 

The spinal symptoms are as *;ommon us the cerebral symptoms. 
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Soon after exit fn)ni the wiisstm the patient complains of sevei'e pains, 
wliicili arc usually felt in the legs an<l in the trunk, u(!casionally in the 
anus and back, and these pains persist for many days timaigli the ill- 
ness. The ixiius reseml)le in their intensity those td' talK's. They aiv 
attended by numbness and tingling or sensations of cold or heat. Soon 
after the onset of pain afet'lingof weakness develops in the legs, whieli 
goes on nipidly to a condition of panilysis, larth legs being toUdly jxir- 
alyzcsl, witli loss of control of the spliincters. Aiuesthesia accompanies 
the panilysis and extciids a varialile lieight upon tlic trunk. In tlie 
rmijority of instiinees the pandysis d(K‘s not extend to the arms, Imt 
occasionally these also arc affectcHl and then the |)ittient is toUdly |Kir- 
alyzed and aiucstlictic even up to the ncirk. In one cast* observed by 
me all the musides below the <leItoid wen* «n»m[)letely paralyzeil for 
four days, but the aiuesthesia did not cxt(>nd above tiu* (‘iglith rib. In 
this case a gradual rcirovery ensued and after two months the man had 
(‘iitindy recovcrc<l. Variations in degree in all these symptoms have 
been observed. The majority of the pati(‘nts diweloj) the most com- 
plete paralysis within a few hours. In some eases the symptoms sub- 
side as rapidly as they have devedoped, and within a week the pati(*nt 
is up ami about. In other easels, however, many spinal symptoms 
remain and after a month some of these patiiaits pn'sent all the symp- 
toms of tabes. Jn other cases the symptoms are those of lateral si'ler- 
osis only, and in still other eastw the symptoms are those of a gem*ral- 
ized myelitis, fn fatal eases the lesions of all tliesi* tlir<‘(> spinal dis- 
(>ases have lieen found at the autopsy. The pmgnosis, howciver, in the 
cases of spinal-cord alleetion developing after caisson disisise is <lis- 
tinetly’ better than wlien such symptoms dcv«*lop under other (drciim- 
stances, ami if the patients are promptly treated many r»*eover who, 
under otlaa* eircumstanccs, would have gone on to death or to a state 
of chronic invaliilism.' 

The causes of death, as in acute myelitis, an* usually (‘vstitis, bed- 
sores, or |>neumonia. 

Diagnosis. — The <liagnosis of the discasi* rests upon ascert4dning 
whether the pati(*nt alllicted has been subjectiHl to high atmospherie 
pressure and then has come back into tin* air very suddenly. 

Treatment. — A knowledge of the cause of this affect ion should 
lead employers to warn their workmen against coming imm(‘diat(*ly 
from a high to a low atmospheric pressure and .should mak«* it incum- 
bent in all works to have a gradiuited si!ries of chamlx*rs thnaigli whii'h 
the labonu’s should be made to jkiss from a higher to a lower pr(*ssure. 
When the .symptoms have develo|)e«l it has been reriotmnended t<i imme- 
diately return the patient to the <‘ais.son or to plaiie him in a pneumatic 
cabinet where a high atmospheric pressure <?an be imnusliiitely jin)- 
duced, and then, by a gnidiml rwluetion of the prtr.ssim‘, to accustom 
him to the onlinary atni<i.sj)hcre. Such a pneumatic cabinet should 
always be accessible in works or mines wheie laborers an* subject to 

‘See “Luftdnick Erkninkungen,” by R. Heller, W. Mager, and II. von Sclirotten. 
— A. Holder, Vienna, 1900. 
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this disease. When this is not feasible it has been recommended by 
those who have experience in this affection that large doses of ergot, 
one drachm every hour or every two hours, should be given. Bandag- 
ing the limbs tightly with an Esmarch bandage, and thus confining the 
blood to the larger (sivities, has been employed with good effect. Later 
on the treatment should l)e that for acute myelitis. 



CHAPTER XXXIX. 

PACIIYMEXINGITIS AND MENINGEAL HEMORRHAGE. 

• PAC'HYMfJNiNoiTis OF iiiflaminatiim of the dura iiiiiter, may Imj lim- 
ited to the e.Yternal or to the internal surface of the dura, or may in- 
volve both surtaces at once. 

PAOHYMENINaiTIS EXTERNA. 

Pachymeningitis extenia o<x!urs as a result of fractures of the skull, 
or follows any disesisc of the Imncs of the cranium, such as mries, 
especially after ear disease, syphilitic exostoses, tumors invading the 
bones, and erysiptdius of the face. 

In septic cast's it may letid to the formation of an abscess Ijctwwni 
the tlura and the bone. The only symptoms jmxlueed are those of the 
original causative disease, and local pain, which may be increa.se.d by 
pressure and by percussion. In these cases trepliiniug will hsid to the 
evacuation of the pus. 

It may take the form of a connective-tissue proliferation, oausiug a 
tliickening which is permanent. 

In a few ciises a firm adhesion between the dura sind the cranial 
boues, witii the produtjtion of bony tleposits anti a stdiilifitsatitm of the 
diploe, has been found. This may txicur in early life and lead to the 
development of clmmic hcsitlache with many neurastlicuic and hys- 
terical symptoms which resist all forms of treatment. 

PAOHTMENlNaiTIS INTERNA. 

Etiology. — This disciisc may result from the same causes as |>aehy- 
mcningitis externa, especially frtjin trauma, or rmiy Iks a stsquel tsf it. 
It is never possible in life to distinguish sharply betwtsen the two con- 
ditions. It miiy be a sctpicl of sunstnske. It has betsn found in many 
ciiscs of clmmic insanity, cs|Kscially in psiretic and stsnile tlementia. It 
has Ixsen ascribed to chronic alcoholism. It has been found in <siiscs 
of piirpurS and in persons dying of various infectious and wsisting dis- 
eases ; a causal connection, however, has not been established. It may 
Ise due to syphilis. 

Pathology. — The result of an infiaramation of the inner layer of 
the dura is the production of a thin vascular membrane covering it 
like a veil. The vessels in this are extremely delicate ami rupture 
easily. As a result a hmmatoraa forms, fiat and thin, but of sufficient 
size to compress the brain beneath and to cause symptoms. Some 
pathologists believe that in cases of hmmatoma the hemorrliage from 
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congested vessels occurs first, then the clot becomes organizwl aud 
adlicrent to tlie dura, and then new vessels form in it. Bevan Lewis 
believes this to be the invariable case in the chronic iusauc. The new 
membmne may be limited in extent or quite lai^. It may lie on any 
part of the dura. If the condition goes on for some time sevend layers of 
new tissue may form until the duni is stweral times its ordinary thickness. 
In such a thickened sesries of layers flat haematomata are often found. 
Tlie :ige of the various layers can l)e determined by their degree of 
hardn(>ss an<l vaseadarity. In the older, deeper layers there may be 
thin deposits of bone. In the superficial layers there is (xwasionally 
an adhesion to the pia. This is the condition found in chronic alco- 
holism and in terminal dcmcaitia. 

Symptoms. — The disease may be present for y<*ar8 as a chronic 
condition, causing dull hca<lachcs only or sliglit difficulty in thinking, 
with impaired memory, aud may not be diagnosticated. It is l)y tlie 
occurrence of the hemorrhagt'S whidi prodmai symptoms of a tcm|iorary 
apojilcxy that the susjiicion may be awakenisl of a pachymeningitis 
luanorrhagic^a. Thus an alcoholic subject who had had a sunstroke and 
had at various times suffinxid from blows on the h<«id complaimsl for 
some weeks of si'Vt're lufadachc's, and suddmily had an attai'k of left 
In'iniplegia attendwl by vomiting ami a short general convulsion. In 
the course of two weeks all signs of the hemiplegia subsided and it was 
evident that no destruction of bniin tissui; hatl oiaaim'd. 11 is lusid- 
aches continued and four months after the first attack a si'cond with 
right hemijilegia and aphasia ociairrcd which proved fatal. The au- 
topsy showed an extensive pachymeningitis interna with a large recent 
Inematoma on the left. side aud evidences of an old one on the right 
side. In any isise where apo])lectic symptoms occur and subside 
Ripidly the possibility of luematoiiui must be considered. During the 
attack and immediately after it the diagnosis of apojilcxy is the only 
one jiossible. The jmpil is dilattsl on the side of lesion, the head 
and eyes may turn towanl the lesion, and a rigid state of the limbs may 
exist for some hours after the attack. 

The course of a ease in jiaehymcningitis is sometimes ver)’ slow. 
The patient may suffer for several years from occasional attacks of 
severe headache lasting several days and then gradually subsiding, but 
leaving him with disagrixjable cerebral stuisjitions and asimsti of inability 
to do his work. lie may Ik; aware of difficulty in fixing his attention 
ujion business or matters of imjxirtance, and may snlfer from difficulty 
in recolletiting iveent events. lie may manifest all the symjitoms of 
ceri'bral neurasthenia with occasional attacks of vertigo and jinistra- 
tion. As time goew on he naiy have sudden attacks of unconsciousness, 
with or without twitching of a general character of the limbs, or with 
a true Jacksonian cjiileptic attack, aud after such an attack he may be 
mucdi prostrated for ten days or two weeks, being confused mentally, 
or almost stupei-ous, or being very irritable and restless. Tlien all th(?8e 
symptoms ncay subside and he may return to a state of apparent health 
:wid even be able to go back to brnsiness. But even when apparently 
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well lie will be known by those who are most intimately asaociatctl 
with him to show some changes in di8}K>sitiou and character wltich are 
unnatural. After a period varying from six months to a year tlie 
hciidaches may reapiiear, convulsions may be refieated, ami inability 
to think and remember may again beijome noticeiible. Attacks of* 
hemiplegia, or of hemianopsia, or of aphasia may follow, and the 
patient msiy again be reduceil to a state of invalidism. It is s(>ldom 
that two remissions occur, but they have lieen observed. Finally, all 
the symptoms become intensified, the licailache bw^oiues <‘ontinuous, 
the mental dulness IxKiomes niora marked, and the patient is obligiMl 
to go to bed, wliero he lies in a state of s(‘mi-stuiK>r for wes^ks or even 
months. In this comiition he can be aroused, will answer siiiiph* 
({iinstions, but shows no interest in his surroundings or in his family, 
and is indifferent to his own condition. He will take food when it is 
offertid, but seians to live in a dazwl condition, and is very likely to 
neglect onlinary cleanliness. He sleeps heavily in the daytime and is 
wakeful at night, and very often has a muttering delirium during the 
night; at times starting up in a state of alarm ; at times crying out as if 
in pain, and at times being resthtssand desirous of g(‘tting up and going 
out. A general condition of motor weakness gnulually devel<»ps, even 
when the pati(‘nt does not show the traces of apophuttic attacks. His 
movements become! un<!ertain and ataxic!, with «!onsideral)l(! tremor of 
the extramities and even of the entire body. In getting up out of 
bed he will <lo so in a feeble manner, with mn(;h trembling and shaking 
of the trunk, and it scicms ditficiilt for him to retain his balance or to 
stand alone*, oscillating moveanents of the bmiy and etf the he‘a<l being 
eionstant. When he is np he se!ems unable to de!cide what to do, 
whetimr to ivmain standing or to sit elown, and ae;ts in a ela/(‘d maiin(‘r. 
There is rarely any loss of semsibility to ton<!h, temiM'ratnre*, or pain, 
but sometime!s the patient ap^tears to Ikj desif, and in some e!ase*s the 
ewe'sight is affect eel. 

The {>atient may remain in this condition for scv(‘ral weu'ks, grad- 
ually losing streaigth and weiight, anel finally dying of some compli- 
eration, such as eebstinate consti|>ation, cystitis, etr beel-sores. pro- 
gressive emaciatiou anel a couelition of extreme anasmia or of nephritis 
are not uneiommonly observeel in the esmrsc of the! disease*. 

Optie! neuritis has be!en enicasionally found. In thc*se esise's brain 
tumew nuiy Ikj susjjectcd anel e!:inne>t Ikj cxeilndcd. 

Treatment. — It is so selelom that emc ejan make a eliagno.sis of 
pachymeningitis interna hemorrlnegicsi. that it isalmetst futile to siM!uk 
e)f treatment. leie te) the hcael, or, iKjttcr, appliciitions e)f the actiiid 
cautery, may relieve the headache. Purgatives of a elrastic kind may 
also be usejel. Whe*n an attack of an apopleeJtiej nature occurs it is tei 
be treated as a ejerebral hemorrhage. It is rarely possiljlc to operate 
for the removal of such a hemorrhage at the time of its oc<!urrt*nce. 
There may be indications which justify an o|Kjration later, as in the 
following case : 

A child, aged nine years, hiul a severe fall on the head, that was fol- 
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lowed by coma lasting several hours, after which a left hemiplegia was 
discovered. This subsided entirely in the course of two weeks, but 
he continued to have severe headaches, and after two months attacks of 
Jacksonian epilepsy on the left side, beginning in the hand, com- 
menced. These kept up with increasing frequency for six months, not 
btiing controlled by bromides. He was then operated upon by Mc- 
Cosh, a laige bony flap being made and free access to the brain 
being had. The inner surtace of the dura over the motor area of the 
brain was covered by a thin, velvet-like layer of tissue which bhid 
freely on being touched. This was adherent to the pia over the mid- 
dle third of the posterior central convolution, but was easily stripped 
off. It was remove<l by a curette, the hemorrhage, which was trifling, 
being contndlcd by pressure, and the dura was united and the wound 
closed. The child recovered from the operation and had had no return 
of the Jacksonion fits at the end of two years. 

The operation was undertaken on the belief that a cortical traumatic 
hemorrhage had left a cyst which was causing the epilepsy and which 
might be removed. The discovery of the condition of pachymenin- 
gitis interna hemorrhagica wsis a surprise. The ease with wliich the 
haematomii was stripped off led to the idea tliat it was raendy the 
remains of a flat clot, but microscopic examination showe<l it to be an 
orgsiniml membrane with capillaries identical witli that found in 
pachymeningitis interna. 

MENINGEAL HEMOBBHAOE. 

Hemorrhage from the middle meningeal artery occurs cither with or 
without fracture of the skull US' the result of trauma. In Fig. 284, 
the sites of the most wramon varieties of meningesil hemorrhage are 
shown. These hemorrhages are between the bone and the dura. The 
symptoms of such hemorrhage are general and local. After a blow or 
lull on the head, with or without apparent fracture, for fracture of the 
internal table may not be evident, the patient becomes comatose and is 
found to be |>aralyzed on one side, with tlie pupil on the side of the 
injury very widely dilated and not responsive to light. The coma may 
not l)c deep, the patient being rather in a deep stupor, and this may 
continue with varying degree until the pressure is relieved by trephin- 
ing. Or consciousness may be regained slowly, and then either (1) 
aphasia, or (2) hemiplegia, or lx)th together, or (3) hemianaesthesia, or 
(4) hcmianop.sia are discovered according to the position of tSie hemor- 
rhage which causes a diffuse compression of one hemisphere. Such 
cases should be trephined as soon as the diagnosis is made and the torn 
vessel tied and the clot removed. 

Hemorrhage inside of the dura, either from its vessels or from some 
vessel in the pia mater is also caused by trauma with or without frac- 
ture of the skull. Hemorrhages which occur in infants during labor, 
from delayed or instrumental delivery, are usually inside the dura and 
result in a large clot spread out on the surface of the brain. In some 
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cases the v’essel torn is a large one an<l the clot is rapidly formed, pro- 
duces great pressure, and death follows. 

In other cases the vessel is a small one and the clot exteiuls slowly ; 
the symptoms then gradually increase during several hours or even 
days until the bleeding ceases, and then subside more slowly still and 
only in part. In infants the existence of such a pressure by a large 
clot msiy prevent the process of development of tlie brain and lead 
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The meningeal artery and Its relation to the Assures of Rolando and Sylrlua. I., area of a heinor- 
rhagi! from the main artery, causing hemiplegia and aphasia; If., area of a heiiiorrhugo fnim the 
anterior branch, causing mental duliicssand aphasia; III., area of a hemorrhage from the posterior 
branches, causing sensory aphasia and hemianojisia. 

to atrophy and sclerosis. (Sec Chapter XXVITI.) The genentl symp- 
toms of pressure are diminishing consciousness to the tlegree of stupor, 
or even coma, headache, a slow pulse, vomiting, anti possibly difficulty 
of respiration, and a rise of tem|)erature. The local symptoms arc 
those of compression of some part of the hemisphere. This is usually 
on the side of the injury, but occasionally on the opposite side. A 
dilated pupil on the side of the lesion, deviation of head and eyes to 
that side, and aphasia, symptoms of paralysis, or loss of sensation or 
of sight on the opposite side, are the local symptoms, and their value 
is to be estimated as in cases of cerebral hemorrh^. When these 
symptoms persist for more than two weeks there is evidence of con- 
tinued pressure, and it is not likely that a clot large enough to cause 
them will be absorbed, hence it must be removed. Neisser has made 
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the diagnosiu in many cases by puncture of the skull and aspiration — 
the technique of which is more fully described on page 599. In one 
case he removed 180 c.c. of blood from the posterior fossa and saved 
the piitient. In many cases this is merely a diagnostic pr«M5e<lurc and 
is to be followed by trephining for the removal of the clot. The treat- 
ment, therefore, should Ixj by trephining. The following case is a good 
illustration of tliis condition : 

A physician, agtnl forty y(;ars, was thrown from his carriage on 
ilngust 17, 1889. He was slightly stunned by the fall, but had no 
wound, and was able to help his wife, who appeared to be injimnl, to 
rc^acih home. For scweral bom’s he si^emed to be suffering merely from 
bruises, and was able during the aftermsm to converse with a patient 
and to a«iininistcr a hypwlerinic injection. In the course of the even- 
ing, how(?vcr, he bcc-iimc delirious, then stupid, and for the following 
throe days he lay in a scmi-comatosc condition. On the morning after 
the injury he was found to be completely hemiplegic on the right side, 
Sind aj)lisisi(^. When, after a weisk, his conseionsni'ss had fully n'turned, 
it sippeared that the aphsisisi was puroly motor, as lu; could understaixl 
what wsis ssiid to him, sind cssuhl nKsd. The heniiplegisi ivas sittended 
by a psirtisil siiiwsthesia, the psu’alyml limbs felt numb, were less sen- 
sitive t<» touch and to jiain, but acutely sensitive to cold and to heat. 
In this condition he, rcmainctl until Hccmnber, when he was brought 
to New York and ailmitted to RiMiscvelt Hospital. 

On c.xaniination, the patient, a large man, was unable to say any- 
thing, even “yes” or “no,” tlie vowel sounds being the only sounds 
pnHlnced by eH'ort. He evidently understootl (jucstions, anti attemjitetl 
to reply by gestures and by trying to write with his Itd't hand. It was 
notiet’d, however, that he was mentally dull, so that the result of tests 
of mnstadar sense were not siitisfatJtory, though he could be tested for 
tat;tile and jiain st'iises, which were found to be im))aired on the pani- 
lyzetl sid(‘. He was emotionally unstable, laughing too readily, and at 
times apjicaring to be much depressed. O|)hthalmoscopic appcaninces 
were normal. Sight and hearing were normal. The right hemiplegia 
was {Kirtial. He could turn his eyes in all directions, but could not 
turn his head to the right. His left pupil w'as one-tliii’d larger than 
the right pupil, but both reactwl normally. His tiice was slightly flat 
but not paralyzinl, and his tongue protruded stinight. His arm was 
almost totally parsilyzed, the only motion jiossible lieinga slight al»duc- 
tion at the shoiddcr. Ilis leg could be moved a little at the hip and 
knee, aiul when held up by two persons he could dnig the 16g forward 
a little, but could not stand alone. The hand was floxeil and prouatal, 
the leg was extended ; both were very rigid, and all the deep reflexes 
W(*ro greatly exaggenitwl, so that wrist anil finger elonu.s, as well as 
patella and ankle clonus, were easily pnaluced. He controlled his 
sphincters })t‘rteetly. There were no stsirs iqxm the head. 

It si’tmieil probable that, as a result of the fall, there had been a 
rupture of a small vessid from whiidi very slow hemorrhage hail taken 
pliice; the vessel was thought to lie a vein rather than an artery. 
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because of the very slow devclopraent of the symptoms. The situa- 
tion of the clot wjus thouglit to be upon the surfatfo aiul not within the 
left hemisphens and it was located U|M)ii the posterior jKtrt of the thir«l 
frontal convolution and over tlic anterior centnil convolution in its 
middle third, as shown in the diafjram. A flat clot in siu^h a situation 
mijfht fail to comprt'ss the face area and could ])r(Hluco an absoluhdy 
total motor aplutsia, wliile a subcortical or capsular clot could haitlly 
produce total permanent motor aphasia and paralysis of the arm with- 
ttut producing paralysis of the face and tongue. On the strength of 
this diagnosis it was thought best to operate. 

Fi(i. 285. 


n 



Mcningc.'il iKnnorrhaKP. 'J'lin xilualloii uf the clots causing aphasia and right hemiplegia. 

Itciiioval rcsiillisl In m^uvery. (.Starr luid Mclliiruey.) 

On D(>cember lil, MeBurney traphined tlio skull. The tre- 

phine was applied at a point one and .seven-eighths inches behiuil, tind 
seven-eighths of an inch above the e,xternal angular pro<!e.ss <jf the 
froutid bone, and the opening wtis then enlarged by the rongeur 
forceps upwanl and backwiird, the dura Itcing Itiid barti over tin ovtil 
area three by two inches. The tlura tlid not pulsate, (^n ttpening the 
dura the pia was found to be very (cilematous and di.scolori‘d, and the 
surface of the brain wa.s separated from the dura by a space half an 
inch in depth, and did not pulsate. The clot wtis seen lying Ixmeath 
the pia upon the posterior part of the third fnmtal convolution and 
extending over the anterior (lentral convolution in a thin layer (marked 
in lines on the diagram) into the fissure of Rolando, which was filled 
with a laiger clot lying in the situation shown in the diagram and 
extending downward so as to fill up and distend greatly the eul-ile-sac 
at the lower end of the fissure. The clot had not covered the lower 
thin! of the anterior central convolution and had not reached the 
upper quarter of the fissure of Rolando. The brain, at a distance of 
an inch about it, appearetl to be healthy and pulsated, but the parts of 
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the cortex on which the clot lay were pulseless and stained a yellowish- 
re<l. After the pia had been incis^ the clot was removed little by 
little by fine sponges, at least a drachm of partly organized clot being 
taken out of the fissure of liolando. The retraction of the brain 
from the skull was even more evident when the operation was com- 
plete. The operation was done under strict aseptic pnicautions, and 
was not followed by any rise of temptjrature. Tlie wound was dressetl 
in the open metliod, being packed with gauze and drainage tubes being 
inserted. On renewing the drcissings three days subsequently to the 
operation it was found that the entire surface of the brain was pulsat- 
ing normally and that the brain surface presented a normal color and 
appearancie. After a week the draimige tubes were removed, and 
after three weeks the wound had entirely hcaletl, the level «)f the scalp 
at the bottom of tlie cavity l)eing an inch Ixdow the normal level. 

On the evening of the day of operation the patient siiid “ yes ” and 
“ no ” for the first time since the injury, and after that time his recsov- 
ery of 8|M?ech and of 2 )ower Wiis progressive. After a few days it was 
noticed that he was much more inttilligent and no longer emotional. 
Power in his leg began to increase very soon, and two itionths after the 
o|)eration he was able to walk with a cane. The return of sptHjeh was 
slow but continuous, and it apjH!ar<Kl as if he were learning a new 
language. lie repeated words after another until he had learned 
them. lie tidkisi in monosyllables for the first three mouths, then he 
b(*gan to put two words t(»gethcr, and then us((d short sentences of 
threti or four words. Fifteen months after the operation he was abh? 
to practis<i medi(dne in his native town, was able to walk without a 
(lane, crould name at once any object shown to him, but in talking 
uscsl oidy a few words at a time, not Hj)eaking fluently, wrote with his 
left hand, and had it not bwm for the loss of power in the right hand, 
might have Ixam considered fairly well. The paralysis of the right 
hand nmiaincd, and with it a nuirktxl diminution of tactile and pain 
8(*nst‘8, two points being felt as one when two centimetres apart on tlie 
tips of the fingers. The muscular and t('mp(*rature senses were perfect. 
He could move the arm and forearm in all directions with much force, 
and could supinatc the hand, but movements below the wrist were very 
.slight, the fingers being flexed and rigid. The reflexes were much le.ss 
exaggerated than before the operation, clonus not being elieitetl except- 
ing at the ankle ; the head could be turned in any direction, and the 
pupils were equal. In this condition he remained for ten years, until 
he died of pneumonia. 

This subject being chiefly suigical the reader is referred for further 
iletails and for the technique of operation to Harvey Cushing’s article 
on llrain Surgery in Keen’s System of Suigery. 



CHAPTER XL. 

CEREBRAL MENINGITIS. 

Epidemic Cerebro-spinal Mcniiifritis. Endemic Meningitis, llydrmvplialus. Septic 
Meningitis. Secondary Meningitis. Tuberculous Meningitis. Syphilitic Meningitis. 

Mknixoitis is an infl:iinm:ition of the pi:i mater. It is an aeiite 
disease in the majority of crises, and is then of bacterial orijrin. There' 
are several chusscs of Ciises : 

1. Epidemic cerebro-spinal meningitis, or s|iotted fltver, which is 
dne to the invasion of the pia by the dipharcHuais intracellnlaris. 

2. Endemic meningitis of infants due to infection liy various niioro- 
orgiinisms. 

.*J. Scpti(5 meningitis, which occurs with wounds, fractures, and 
operations, or after otitis media, and is tine to the invasion of the pia 
by .streptococcus or .stiiphylococcms ; and secondary meningitis whic^h 
o(;curs iis a complication of pneumonia, ulcerative eiuliM'.ai'ditis, em- 
pyema, typlioid and typhus fever, indnensa, tlie eruptive (l;v«!rs of 
childhood, erysipeliis, and in fact any form of disi!ii.sc due to a niici-o- 
organisin. fii these cases the gcu'in of the disease atta<‘ks (he pia maUu*, 
and has been found in it. Tlic list of bacteria whi<!h hav*? IxHai 
detected in the pia is incr«!a.sing diiily, a hirge vari<?ty having thus far 
been found. There is no s|K'cial bacillus of meniiigiti.s, though various 
iuvestigjitors have isolated various fornts ami made! a claim to its ex- 
clusive causative iiction. Tims Still has found a diplocoeeus allasl to 
that of certibro-spinal meningitis, Wcichselbauin has tleseribcsl a men- 
ingoooctais intracellul iris, and B.ibes a micrococcus lancHiolatiis. 

4. Tuberculous raeniugitLs, due to the direct invasion of the pia by 
the tubercle b uiillus. 

5. Syphilitic meningitis, <lue to an exudation of gummy material 
into the pia mater. 

Tlie entire pia of the convexity and of the base may be involved in 
the inflammation, but certain forms of meningitis a|>[>ear to sidcct <!er- 
tain localkias. Thus in tlie epidemic form the imtire pia, both of the 
brain and of the spinal cord, is invmled. In the wiptic and secondary 
forms the pia of the convexity is particularly affected, and that of the 
base may escape. In these cases the process may be hH'aliml in a 
small area. This occurs especially after wounds, after otitis media, 
and nasal disease. In meningitis of infants the base is particularly 
affected and hydrocephalus is a frequent result. In tubercular menin- 
gitis the pia on the base alone may be the portion inflamed, hence this 
form has .been named basilar meningitis. In syphilitic meningitis the 
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pia on the base near the posterior perforated space and about the crus 
cerebri or at the sides of the medulla and pons is usually afiFected. It 
is evident that this difference in location will cause a great difference 
in tlie symptoms of the various types. 

Pathology. — After a short period of hypersemia the congested pia 
becomes covered with an exudation of serum, lymph, fibrin, and pus. 
The scrum infiltrates its meshes and collects between the pia and the 
brain, making the latter (e<lematous. It also collects below the arach- 
noid, lifting this so that it appears to contain cysts. The fibrin is de- 
posited in fiakes on and in the pia, rendering it less transparent than 
normal and covering it and the brain with a thick opaque lymph. The 
pus is infiltrated through the meslies of the pia, and as it increases in 


Fia. 286. 



Acute meDiugltid of iho convexity of the bmln« The thickening of tho pie, iU inOitration with the 
products of inflammation, and the iDvaeiun of the cortex hy cells is seen, 

amount fills up the space between the convolutions along the lines 
where the pia dips down, then it coUcets in the sulci, and finally may 
form masses of a yellowish-green color, covering the surface and filling 
up its irregular spaces. The cortex of the brain on which tliis serous 
and purulent exudation lies soon becomes affected ; in fact, in every 
case one has to deal rather with a meningo-encephalitis tlian with a 
simple meningitis. The cortex is greatly congested. Wherever the 
pial vessels dip into the cortex, serum, lymph, and pus are exuded, 
and small hemorrhages and little collections of pus are found every- 
where in the cortical layers. Occasionally large areas of softening or 
little abscesses are found in the brain. The pia covering the cerebel- 
lum and the cranial nerves is similarly affected, and in cases where 
the process extends downward the pia along the entire length of the 
r spinal cord may be inflamed and covered wifti lymph and pus. 
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The pia extends into the ventricles, and hence a similar process goes 
on there, resulting in an effusion and consequent distention of the 
ventricles with serum, which soon contains flocculi of fibrin and pus. 
The cercbro-spinal fluid contains similar flocculi, cells, and free bac- 
teria, and hence by lumbar puncture and examination of the fluid 
obtained the diagnosis of meningitis can always be made. 

In cases in infants which last for more than a week a distention of 
the skull commences, due to this accumulation of fluid in the ventricles, 
and this results iu a separation of the sutures, which goes on until a 
hydroceplialic shape of the head and a great increase in its size is 
produced. 

The collection of fluid in the lateral ventricles only occurs when an 
adhesion has formed in the membranes, closing the foramina and ob- 
structing the free communication between the. ventricles and the sub- 
arachnoid space. The choroid plexuses of the ventricles and the epi- 
thelium covering them secrete tlie cerebro-spinal fluid, which is not a 
mere transudation from the blood. Being constantly secreted it must 
be drained away and absorbed. This drainage occurs through the 
cercbro-spinal foramen and the two lateral foramina of the fourth 
ventricle which establish a communication between the ventricles and 
the general subarachnoid space. The lateral ventricles communicate 
by the foramen of Monroe with the third ventricle, and this empties into 
the fourth ventricle by way of the aqueduct of Sylvius, the minute 
size of which secures a slow drainage. If any obstruction occurs to 
such a flow, either by compression of the aqueduct or by closure of 
these foramina, an accumulation of fluid will occur. In meningitis, 
particularly of the base, there occurs an adhesion of the membranes 
or an effusion of lymph which closes these foramina. Drainage being 
impossible fluid accumulates in the ventricles and causes hydrocephalus. 
Barlow* believes that in many cases of congenital hydrocephalus and 
of chronic hydrocephalus developing slowly without symptoms of 
meningitis, a slight attack or a low grade of meningitis has occurred 
at the out^t which has not been noticed or has recovered. In the 
majority of cases of meningitis in infants, if death does not take place 
before the third week, hydrocephalus appears. (See page 524.) 

In tuberculous meningitis there is rarely an exudation of pus. 
There is a deposit of miliary tubercles through the pia, both diffuse 
and in conglomerate masses. These are small white egg-shaped bodies, 
usually first appearing along the bloodvessels and always found on their 
walls. An ‘exudation of serum lymph, and fibrin occurs, and these 
form a thick mucilaginous material in which the miliary tubercles are 
imbedded. This process is always much more marked about the base 
of the brain, where the many irregular spaces are filled with the new 
material. It may extend to the convexity, however, and then the 
exudation is more evident along the sulci and fissures, especially in the 
fissure of Sylvius. The miliary tubercles may be found scattered 
widely over the entire extent of the pia and in the ventricles. The 

46 * Allbutt’s System of Medicine, yoL yii., p. 493. 
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ventricles are always distended with cloudy serum in which fibrin and 
blood arc found. This distention may be extreme and may produce 
hydrocephalus. The exudation surrounds the nerves upon the base 
and causes a neuritis. A difiuse encephalitis of the cortex or a hemor- 
rhagic encephalitis, either localized or general, may accompany tuber- 
cular meningitis. Masses of tuberculous material in a state of cheesy 
degeneration are also found in the membranes or in the brain in some 
cases. (Fig. 232, page 675.) 

Syphilitic meningitis is characterized by a serous and fibrinous exu- 
dation in tlie membranes attends by a deposit of mucilaginous material 
of a gummy nature which is semi-translucent, thick, and viscid, and 
which surrounds the nerves and fills up the spaces on the base or in 
the sulci of the convexity. It begins to appear along the bloodvessels, 
but soon becomes extensive. It is not attended by the production of 
pus, and there is not often any exudation of serum into the ventricles. 
The exudation invades the cranial nerves, especially the optic and ocu- 
lomotor, and causes a degenerative neuritis. The pia is thickened by a 
production of connective tissue which causes its firm adhesion to tlie dura 
and to the brain. Areas of softening on the cortex are commonly found. 
(See Fig. 286, page 704.) The characteristic syphilitic endarteritis is 
always present in the arteries of the base. (S^ Fig. 276, page 681.) 

Lumbar puncture, first done by Quincke in 1891, is a valuable aid 
to diagnosis in all forms of meningitis. The patient is placed on the 
left side, the legs being drawn up and the body bent far forward. A 
line is drawn between the posterior-superior edges of the ilia, which 
will pass across the space between the third and fourth lumlmr ver- 
tebrae. The lower edge of the spinous procera of the third lumbar veiv 
tebra is found, and puncture is made by a long hypodermic needle just 
below this in children, and 1 cm. to one side of it in adults. The 
hypodermic needle is thrust in between the laminae, and should be pointed 
a little upward and inward. It can be felt to penetrate the membrane, 
and then its point can be moved more freely than in the solid tissue. 
The syringe is then unscrewed from the ne^le and the fluid allowed 
to run out. It must never be exhausted by suction. A small trocar 
may be employed in place of a hypodermic needle. A few cubic cen- 
timetres only of the fluid is to be taken in a test tube. The pressure 
under which it flows is to be noticed, and if it spurts out of the needle 
the internal pressure is abnonnaily high. This occurs in meningitis. 
As it will not run the patient’s head and body may be elevated, and 
thus a few drops may be obtained. It is usually easy to obtain 10 
o.cm. Normal eerebro-spinal fluid is clear, straw-color^ and contains 
a few cells and not more than 0.2 per cent, of albumin. In menin- 
gitis it is cloudy, contains a little blood, flococuli of fibrin, polynuclear 
leucocytes, pus, and micro-organisms. It usually contains more albumin 
than normal. On standing the eerebro-spinal fluid coagulates, and the 
coagnlum forms more quickly ill cases of meningitis and is firmer than 
in health. It 4s the existence of pus, leucocytes, and bacteria which 
are the most important diagnostic s^ns of menii^itis. Cultures should 
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always be made of the fluid. The finding of streptococcus, stophylo- 
coccus, pneumococcus, or diplococcus intraccllularis, or of tubercle 
bacilli, makes it certain that a meningitis is present. In tuberculous 
meningitis mononuclear lymphoid cells are also found, while in the 
other forms polynuclear cells are more common. When the diplo- 
coccus or pneumococcus is not found in the cerebro-spinal fluid it is 
occasionally found in the bl(M)d and in such cases diretJt injection of 
10 c.c. of tlie antiserum into a vein re{)eatcd dully has resulted in 
cures. 

S 3 nuptoms. Epidemic Oerebro-spinal Meningitis. — The disease, 
though occasionally occurring in epidemic form, particularly in winter 
and spring, both in cities and in &e country, is more commonly seen 
as a sporadic affection, and is quite rare. Children are more suscep- 
tible to the infection than adults. Unwholesome, dirty surroundings, 
malnutrition, and overexertion, either mental or physical, are supposed 
to make one more susceptible. Though infectious, tlie disease is not 
contagious, and is not carried in clothing. 

The period of incubation is not determined. 

The symptoms appear suddenly, with a chill, temperature of 104® F. 
or higher, full rapid pulse, headache, pains in the back, and vomiting, 
which is projectile. The patients feel very ill, are restless and irri- 
table, and soon complain of light and sound. Stupor and coma come 
on rapidly. Within a day or two of the onset the headache becomes 
very intense, and stiffness in the back of the neck appears, which is 
very painful. The head is held rigid or is drawn back, the back also 
becomes stiff, so that children can be raised from the be(l by lifting the 
back of the head, and a state of opisthotonus develops, attended by 
great pain in the back and limbs and extreme hypermsthesia to all 
forms of sensation. The slightest touch causes great pain. In addition 
to die rigidity of the muscles there are occasional spasms of a clonic 
or tonic kind in the extremities, the face, too, being drawn, and tremor 
in the limbs may be observed. The pupils are dilated, and sometimes 
unequal, and do not react to light. Grinding of the teeth and strabis- 
mus are early symptoms. 

Within two days of the onset delirium of an active character begins, 
and this continues, alternating with stupor and coma, fur a long time. 
The mind is always clouded and filled with illusions, and the patients 
have no memory of what has occurred when they recover. The 
delirium m^y at times be wild, and is always worse at night and when 
the temperature rises. After the third day an eruption appears in 
the majority of cases, though it is not an invariable symptom. It is 
petechial, diffused over the entire body, but deeper, and purple in 
spots. Herpes appears on the lips early ; erythema, pemphigus, and 
gangrene of the skin have all been seen in various cases in addition to 
&e petechise. Any scratch on the skin leaves a dark red stripe, the 
tdehe ciribrale of Trousseau. The gastro-intestinal functions are 
affected from the start, nausea, vomiting, diarrhoea, or more commonly, 
obstinate constipation being present. The urine contains albumin. 
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oasts, and sometimes blood. It is sometimes retained, but may be 
passed involuntarily, as are also the feces. The spleen is enlarged. 
Contractures soon develop, and the limbs are flexed until paralysis 
ensues and they relax. The reflexes are increased. 

There are some cases of a malignant type which end within the first 
two or three days. Many cases prove fatal within a week. If the 
patients do not die of fever or of heart failure within a week of the 
onset they usually have a remission in the symptoms, but these return 
again, and the case may go on for many weeks with varying intensity. 
There is no typical temperature curve, and great variations are pos- 
sible. In one patient who recovered I saw a rise on five occasions 
during two months to 106° F., the ordinary variation being between 
101° and 103° F., with occasional falls to normal. A sudden rise or 
a sudden fall is unfavorable. The temperature may be intermittent. 
The pulse may be rapid> especially in children, or it may be as slow 
as forty per minute. It is frequently intermittent. The respiration is 
irregular, at times of the (Sieyne-Stokes variety, and attended by sigh- 
ing and yawning. It is sometimes- difficult to feed and care for those 
patients, as they resist in their delirium all attempts at nursing, and 
rapid and extreme emaciation results. The most prominent symptoms 
during the long illness are headache, delirium, stupor, insomnia, rigidity 
of the muscles, especially of the neck and back, hypersensitiveness to 
touch, to sound, and to light, and a gradual loss of voluntaiy power. 

The cranial nerves are almost always seriously alfectetl. Strabismus, 
which develops early, persists. It is often attended by nystagmus. 
Vision may be obscured by keratitis, and optic neuritis and atrophy 
may develop and finaliyx.reuder the patient blind, though in two patients 
I have seen a partial recovery of sight, sector-like defects in the visual 
field remaining. Deafness is a common symptom, due to otitis media 
or to an affection of the auditory nerve, and may be permanent, lead- 
ing to deaf-mntism in children. Facial paralysis is very common. 
Difficulty in swallowing and in articulation are observed in many cases. 
General convulsions may occur from time to time in the course of the 
case. 

Under the antiserum treatment of Flexner the symptoms rapidly 
subside and tlie patients regain their consciousness and in the course 
of a few days appear to be w'ell. I have seen a child sitting up in her 
crib and playing naturally with her doll, two days after she had been 
in a state of coma with strabismus, opisthotonus, and occasional con- 
vulsions. If relapses occur when the injections are stopped, they may 
be resumed. 

The most permanent of all the symptoms is a state of mental apathy 
and indifference. Even after the delirium and stupor have pass^ off 
the patients may show no mental activity, may fail to control the 
sphincters, may not recognize their parents, may have no interest in 
persons or events, and may talk with great difficulty. I have seen these 
symptoms remain for several weeks after the temperature had become 
normal. In the patients who do not succumb to general exhaustion 



SYMPTOMS. 


70% 


or die of a complicating pneumonia, arthritis, or cystitis, or bed-sores, 
there is a very slow return to health, and sometimes it is six months 
or a year before the mental and physical symptoms have entirely dis- 
appeared. The severity, of the disease depends somewhat upon the 
character of the epidemic, some epidemics being very fatal, in some 
the mortality being 76 per cent., in others being as low as 20 per cent. 
In some epidemics the tendency to complications seems to be great. 

In spor^ic cases the pn^nosis depends on the intensity of the symp- 
toms, but it is never well to give up hope, as very bad cases may recover. 

The treatment consists in supporting the strength by fluid food and 
alcoholic stimulants, given often and timely ; in ^e application of ice 
to the head and spine in bags, or of ice-water in coils ; in cool bathing 
when the temperature exceeds 102® F.; and in the free use of sedatives, 
of which bromides, phenacetin or acetanilid, sulphonal, and trional, 
and in many cases codeia or morphine, in small dose frequently re- 
peated, are the best. Strychnine should never be given. Some authors 
recommend ergot in large doses. It is questionable whether mercury 
or iodide of potassium are useful, though some writers urge their use. 
The discovery by Flexner * of an antiserum for eerebro-spinal menin- 
gitis has l)een followed by its successful use all over tlic world. The 
method of its use is as follows : By lumbar puncture 15 or .‘10 c.c. of 
eerebro-spinal fluid is withdrawn, and the same amount of antiserum is 
injected directly into the spinal canal, slowly and carefully, to avoid 
the production of symptoms due to increasetl pressure. Tlie inj(X!tion 
is to be repeated every day for three or four days. The earlier the 
injection in the course of the disease the better tlie results. Its direct 
effect can be observed by testing tlie eerebro-spinal fluid daily for 
diplococci, which rapidly disappear under its use. By the use of the 
scrum the mortality has been r^uced from 89 per cent, to 25 per cent, 
in several severe epidemics. The antiserum is to be obtained at the 
Rockefeller Institute in New York. In the stage of recovery iodi(V> 
is useful in doses of twenty grains three times a day for adults. 

2. Meningitis in Inliants; HydrocephalaB. — Infants appear to be 
much more liable to the infection of meningitis than adults, and in 
them the picture of the disease differs greatly from that alnxuly pre- 
sented. Both sexes are equally liable. The majority of eases occur 
during the first and second years of life, though no age is exempt. 
Barlow's statistics point to a greater susceptibility between the third 
and sixth months. Catarrhal diseases of the intestines, bronchi, or 
nose precede the onset in many cases. A history of injury to the 
head is obtained in not a few. 

The symptoms develop acutely, and are well marked within three 
days of the onset. Vomiting, convulsions, retraction of the head, 
screaming, and irritability of temper are the first symptoms, and are 
soon followed by sleepiness and languor, by bulging of the fontanelle, 
by strabismus and nystagmus, and by some inequality or abnormality 
in tiie action of the pupils, by champing movements of tire lower jaw, 
'Jour, of Experimental Medidne, Jao., 1908. 
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lips, and tongue, and by extensor spasms of the limbs, and in some 
cases by opisthotonus. Paralysis of the face and limbs is occasionally 
seen, but is rare. The infant undoubtedly suffera from great pain, as 
is shown by the constant crying and screaming, which are kept up at 
night and by day, and by pulling its hair. This is an early symp- 
tom, and subsides later when the stage of hydrocephalus is reached. 
Irregularity of respiration is often noted, and the pulse is either very 
fast or very slow. The skin is flushed and shows the mark of any 
irritation as a broad red line or spot. The temperature varies greatly 
between 100° and 106° F. The abdomen is often retracted ; consti- 
pation is more frequent than diarrhoea. One of the most noticeable 
symptoms is the rapid emaciation, and these children become mere 
skeletons in the course of a couple of weeks. Hydrocephalus usually 
develops in the second week of the disease. In addition to the in- 
crease in the size and change in the shape of the head, there is often 
a slight bulging of the eyeballs, and strabismus appears. This con- 
dition may persist for a long time, or it may gradually subside as the 
child recovers. 

The course of a simple meningitis may be rapid, and a fatal termi- 
nation may occur within a week. This rapid course occurs chiefly in 
the vertical and sometimes in basal cases. More often the symptoms 
persist a long time and the case runs a course which extends over 
several weeks. The variation is so great in diflerent cases that no 
average duration can be stated. There are some cases which continue 
even for four or five months, and then recover. That a large percent- 
age die must be admitted. Authorities make the mortality from 60 to 
80 per cent. It has been thought by some that children never recover 
from meningitis, but this is not my experience. I have seen some well 
pronounced cases in the Baby’s Hospital which terminated in recovery. 
Even cases which develop hydrocephalus, if this is moderate, may come 
to a standstill and gradually get well. These patients may be left blind 
or deaf, or they may show a spastic gait for years, or they may show 
mental defects, but nevertheless they recover from ftie acute meningitis. 
Occasionally during the stage of improvement, or even after recovery 
appears to be complete, sudden death occurs. There is no disease, 
therefore, in which the prognosis is more uncertain. 

The treatment must be quite similar to that described in the epi- 
demic form. Leeches behind the ears, ice to the head and neck, or a 
cold coil, antipyretics, and cool sponging are of service in keeping down 
the temperature. The child should be nourished as well as possible 
on milk properly modified to its age, and on broths. It may hie neces- 
sary to f^ by gavage if there is much vomiting. There are no drugs 
which act on the bacteria, and hence there is no means of decreasing 
the pathological process. In some cases iodide has been of service, 
and it may be given if the stomach will retain it in one to three-grain 
doses four or five times a day. 

It is not to be forgotten that some cases are secondary to otitis media ; 
hence if any evidence of this is present free drainage most be secured 
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by incising the drum or by operating on the mastoid. Coses are now 
frequently reported where the mastoid operation, followed by trephin- 
ing, has resulted in the evacuation of a small collection of pus and has 
been followed by recovery. 

3. Septic and Becondw^ Forma of Meningitis. — The symptoms of a 
septic meningitis always develop after some one of its causative con- 
ditions has b^n in progress for some time. Hence they are precedetl 
by the symptoms of a cranial fracture or operation, an otitis media, a 
chronic nasal disease, or an abscess, or erysipelas of the face. If, in 
the course of any of these affections the patient has a sudden chill, 
with rise of temperature, rapid pulse, severe continuous general head- 
ache, and delirium or convulsions, and if thus an illness begins which 
is evidently septic, is attended by a stuporous mental state, som- 
nolence, vertigo, vomiting, and a fever running from 101® to 104® F. 
daily, there is every reason to believe that a septic meningitis has de- 
veloped. The general symptoms mentioned usually appear before any 
local signs of brain disease. And these will depend laigely on the area 
which is affected by the meningitis. Thus, in fractures of the skull 
which lie over the motor or sensory areas there appear local sitasms, or 
aphasia, or paralysis, or disturbances of sensation, first hypersesthctic 
conditions, and later loss of sensation. After otitis media there may 
be no local signs of meningitis, as the temporal lobe on the base has no 
known function ; but if the disease advances upward on the left side a 
sensory aphasia may appear. If the meningitis is on the base the 
cranial nerves may become involved ; nystagmus, strabismus, twitch- 
ing, or paralysis of the face, grinding of the teeth, and optic neuritis 
develop. These sometimes occur after otitis media. If the meningitis 
starts from nasal disease there are no local signs excepting loss of smell 
and a greater degree of mental disturbantHi than in the other cases. 

The same general symptoms developing in the course of any of the 
infectious diseases will indicate that meningitis has begun as a compli- 
cation. The headache which is always present in meningitis is severe 
and causes great agony. The patient grasps the head and moans with 
pain even during his delirium and stupor. Cliildrcn pull the hair, 
knock the head upon the pillow, and scream, even in their sleep. The 
sndden piercing cry of pain which wakens the child is known as the 
cry of meningitis. The pain varies in intensity, and is worse at night 
or when the temperature rises. The delirium is another characteristic 
symptom of meningitis. It is sometimes a low muttering delirium 
from which the patient can be momentarily aroused, but he does not 
answer questions intelligently. At times it is a more active delirium, 
the patient wishes to get out of bal, to dress and go out, or is wildly 
excited, and stru^les with his nurses and has to be tied in bed. In 
the intervals of delirium there is a stupor which may deepen into coma. 
The fever of meningitis is high. It dose not fall or rise suddenly, as 
in thrombosis of the lateral sinus, or in pysemic states, but runs a 
course between 100® and 104® F., and occasionally the patient may 
have a chilL The pulse, which at first was rapid, varies as the disease 
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goes on. It often becomes intermittent and irregular. It may for a 
few hours be slow, even 40. It does not vary witih the temperature. 
The general hyperassthetio state of all the senses is very eharaoteristio 
of meningitis ; the patient begs to be left alone in the dark, starts at 
slight noises, and cannot endure to be touched or examined. There 
are twitchings of the muscles, which are increased by tapping, and 
there is often an increase in all the tendon reflexes. The neck and 
back become stiff and painful early in the course of the disease. And 
various cranial nerve symptoms indicate that the effusion on the base 
has begun. 

The pupils are usually contracted at first, do not dilate in the dark,, 
and do not react to light. Later they may become dilated, are often 
unequal, and the condition of the pupil varies from day to day. In 
some cases the pupil contracts to ligh^ but immediately dilates again, 
and continues to change in size ; this is termed hippus. Ptosis, par- 
alysis of some of the ocular muscles, with strabismus and nystagmus, 
soon develop. Optic neuritis occurs in about 60 percent, of the cases. 
The facial nerves may be irritated, causing a twitching of the facial 
muscles and trismus or paralysis. As the case progresses general con- 
vulsions may occur, followed by coma. Monoplegia or hemiplegia may 
develop at any sta^. There is an irritation or paralysis of the vaso- 
motor system shown by blueness of the extremities, a reddening of the 
skin when scratched or rubbed, and profuse sweating. There is ob- 
stinate constipation. The urine may be retained or may dribble. It 
often contains albumin, and is of high specific gravity and scanty. 
The spleen is enlarged. In the later stages there may be a tendency 
to bed-sores. 

The duration of a meningitis may be from four days to two weeks. 
In rapid cases all the symptoms appear in great intensity, the tem- 
perature rises high, the pulse is weak and rapid, coma comes on, and 
the patients have Cheyne^Btokes respiration, and die either in coma or 
in convulsions. In slow cases the stage of irritation gives place to a 
stage of paralysis and the patient is exhausted by the fever. 

1 have seen several cases which ran a slower course and in which 
symptoms persisted for four or even six weeks. In these cases remis- 
sions in the symptoms, with subsequent exacerbations, took place; but 
the general symptoms of fever, headache, somnolence, and progressive 
emaciation were constant. The formation of abscess in the brain or 
the occurrence of thromboms of one of the sinuses, either of which 
may be a complication, makes the prognosis hopeless. * 

The diagnosis of meningitis is to be made by an examination of the 
cerebro-spinal fiuid obtained by lumbar puncture (see page 706), and 
this should be tried in all -doubtful cases. 

The diagnosis from abscess of the brain and from thrombosis of the 
lateral sinuses has been considered on pages 558 and 565. 

The progncfb in septic and secondajy meningitis is always serious. 
Patients rarely recover. Nevertheless, the possibility of recovery has 
been proven in many cases in every variety of the disease, and hence 
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it IS always l^itimate to hold out some hope. It is also to be remem- 
bered that there are many cases presenting serious nervous symptoms 
quite similar to those of meningitis in their character, but not quite 
equal to them in severity, whidi pass off in the course of four, six, or 
eight days. I have seen many such cases in connection with otitis 
media. I have seen some in children complicating other diseases or 
appearing alone. We do not know what the pathology of such cases 
is. They have been ascribed to cerebral hyperRmia, to serous men- 
ingitis, to oedema of the brain, to non-purulent encephalitis, and to 
direct toxemia of the brain. The only means of diagnosis of these 
cases from meningitis is by watching their course and observing the 
recovery. Hence in the early stage of supposed meningitis of a mild 
type the prognosis must be guarded, as tlie diagnosis may l)e wrong. 

The treatment of septic meningitis or of secondary meningitis should 
begin by an active interference with the cause. Fractures should be 
trephin^ and a possible source of infection sought and free drainage 
opened. In middle-ear disease an early exploration of the mastoid 
cells and prompt opening of the skull, with drainage, are often neces- 
sary. In abscess of the brain and sinus thrombosis operation affords 
relief. In other cases operations are impossible. Absolute quiet in 
bed, ice to the head, brisk pui^tives, leeches to the mastoid region or 
temples, blisters to the neck, and the free use of narcotics, the coal- 
tar products, and morphine are to be employed. The temperature is 
to controlled by cool sponging rather than by baths, as it is impos- 
sible to move the patient into a tub. Antipyrine and phenacetin may 
help to reduce it if it rises above 103** F. The heart may require 
stimulation, and for this caffeine is better than either alcohol or 
strychnine. The delirium may be somewiiat diminished by the free 
use of bromide and chloral. If the persistent headache is soon followed 
by optic neuritis it is probable that a laige effusion has occurred, and 
it is possible that lumbar puncture may r^uce this. In some cases it 
has succeeded and an improvement has followed. From 50 to 100 
C.C. of fluid have been withdrawn daily for several days under strict 
antiseptic precautions. 

4. Tuberculous Meningitis. — Children between the ages of two and 
fifteen years are more commonly affected by tuberculous meningitis 
than are adults, though no age is exempt. 

The symptoms of this form of meningitis are numerous and differ 
so widely in different stages of the progress of the case that all authors 
prefer td group them in periods. Tliere are (I) a period of incubation, 
when ^e symptoms are slight and rather indefinite, but really well 
marked when one looks backward and contrasts the condition with that 
of previous health ; (II) the period of irritative symptoms ; (III) the 
period of paralytic symptoms and coma. 

I. In the period of incubation the child, without reason, ceases to 
gain weight and b^ns to lose, is fretful and uneai^, shows little desire 
to play, and cannot be amused or diverted for any length of time, very 
often manifesting a marked change in disposition and unusual likes 
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and dislikes. At night it does not sleep soundly, wakes on slight 
noises and cannot be put to sleep, or groans and cries in sleep, and 
sometimes grinds the teeth. In the daytime it may be drowsy. 
Vomiting, occurring without apparent cause and recurring in attacks, 
is usually an early symptom, and is attended by considerable prostra- 
tion. Headache soon appears, being complained of by children who 
can talk and being shown by crying, tearing the hair, and beating the 
head in infants. During this peri(^ the temperature is usually 100** 
or 101° F. at night, but nearly normal in ^e morning, the pulse is 
more rapid than usual, and the respiration regular, but attended by 
yawning and sighing. The appetite is poor, the bowels are often 
constipated; occasionally there is diarrhoea. The urine is usually 
increa^ in amount, and may show high specific gravity and albumin 
in small amount. The prodromal stage is longer in tuberculous menin- 
gitis than in other forms. 

As tuberculous meningitis is secondary to tuberculosis elsewhere in 
about 80 per cent, of the cases, some symptoms referable to the lungs, 
or intestines, to the joints, or ^e bones, or the spine, to the brain, or 
to the lymphatic glands, are to be detected when the child is carefully 
examined. These symptoms should lead to the diagnosis, even in the 
stage of incubation. In any case of doubtful nature the Calmette test 
will prove the existence of tuberculosis ; and lumbar puncture will 
yield fiuid in which tubercle bacilli can be found. This stage may last 
from four days to three or four weeks. 

II. The stage of irritative symptoms appears suddenly, usually with 
a general convulsion, followed by stupor. The child, who has grad- 
ually become weaker an^ sicker, complains of most intense headache, 
is hypersensitive all over, and cannot endure being touched, shuns the 
light and noise, and cries when disturbed. It is somnolent, but cries 
out in sleep, grinds its teeth, and rolls its head, wearing off the hair 
from the occipital region. Then, without warning, it has a general 
convulsion, which may be repeated at intervals. When it comes out 
of the convulsion it is stupid and cannot be aroused, but cries when 
disturbed. There is usually some rigidity of the neck, which increases 
rapidly and extends to the spine, so that the entire body is stiff, and 
after a time the head is drawn backward. Sometimes the limbs become 
rigid and contracted. The reflexes are exaggerated. The pupils are 
contracted and do not respond to light, apd are often of unequal size. 
There may be nystagmus and hippus. The temperature b^ns at this 
time to rise at night to 102° F., the pulse becomes fiister and is now 
occasionally intermittent and irregular, and the respiration is irr^lar, 
a series of inspirations, each deeper than the last, being followed by a 
sigh and cessation for a few seconds. This stage may last for two or 
three days, or even ten days, dnring which time the stupor deepens, 
and the child sleeps more and more continuously, and it is harder to 
arouse or intei^st it. Delirium is a common symptom, the child talks 
to itself, occasionidly screams out, and may not know its parents. 
Toward the close of the stage muscular twitching is frequent and par- 
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tial convulsions may occur ; the abdomen is retracted, tdche eir^raJe 
is well marked, and an ophthalmoscopic examination shows choked 
disks. The skin is dry, and ulcers may form about the ears or on the 
buttocks. In spite of the severity of the symptoms, however, the child 
may at times seem for an hour or more to be better, may be conscious 
and alert, and have no pain. But these intervals become infrequent 
as the last stage approaches. In this stage lumbar puncture usually 
shows the presence of tubercle bacilli in the cerebro-spinal fluid. 

III. The stage of paralysis or coma comes slowly. The child gets 
worse, the stupor deepens, so that it is impossible to arouse it, and para- 
lysis of some of the cranial nerves appears, causing strabismus, facial 
paralysis, or difficult swallowing, and general paralysis of the limbs, or 
hemiplegia. The pupils are now dilated and fail to act to light; 
choked disk appears, if it has not before ; tubercles may be serm in the 
choroid ; the opisthotonus is more marked, and the abdomen is re- 
tracted. The temperature begins to rise in the morning as well as at 
night, the pulse bmomes very rapid and weak, respiration is irregular 
and labored and of the Cheyne-Stokes character. It is almost im{M)s- 
sible to feed the child, and emaciation is rapid. The urine is retained 
or is passed involuntarily. The coma deepens, and the child dies of 
exhaustion or in a convulsion. The duration of this stage is from two 
days to a week, depending on the nutrition and inherent strength of 
the child. A quarter of the cases die in the first week after the second 
stage begins, a quarter in the second, a quarter in the third, and the 
remainder within eight weeks. In infants whose fontanellcs are not 
completely closed a condition of hydrocephalus is liable to develop and 
to go on increasing unil death. There is no doubt that almost all coses 
die, and we have no means of arresting the progress of the disease. 
Yet cases have been reported in which recovery has occurred, even 
when tubercle bacilli have been found in the cerebro-spinal fluid. 
Treatment is palliative only, the various symptoms being treated us they 
arise. It has been proposed to open the skull and drain the base. This 
has been done once with apparent success by Ord and Waterhouse, but 
their example has not been followed by others. As all cases are hope- 
less, such a measure, though theoretically of little value, may be worth 
a trial. It failed in one case under my care. Injections of tuberculin 
have failed to arrest the disease. 

The following case is a good illustration of the course of the disease : 
Girl, agjpd two years, of healthy parents, began to have slight attacks 
of sudden loss of consciousness with convulsions, on November 7th, 
and complained of headache, nausea, and vomiting. During the first 
two weelU these symptoms continu^, and she was very fretful, dull, 
and stupid, emaciated rapidly, and had a temperatuse of 100” F., at 
night. Daring the third week the temperature reached 102” F., at 
night and did not go below 100” F., in the morning ; her pulse was 
120, regular, respiration regular; she had much headache, retained 
little fo^ cried out in sleep, and was drowsy and dull. On Novem- 
ber 28th she had a convulsion limited to the right side of the face and 
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right arm lasting an hour and a half, after which she slept for two 
hours and had a temperature of 104® F. There was no paralysis after 
the convulsion, but she failed to recognize her mother and nurse and 
kept her hand on the left side of her head, with signs of pain. Her 
pupils were dilated, reacted sluggishly, and dilated in the light, being 
undulatory. Her optic disks were normal. During the following 
week she failed steadily, being in a state of stupor, and finally of coma. 
Her temperature varied from 101® to 104 °F., pulse became 140 and 
intermittent, respiration sighing, irregular, and finally Cheyne-Stokes. 
She had one right-sided convulsion. Her pupils were contracted when 
she was let alone, but dilated widely when the eyes were open and un- 
dulated. The optic disks became cloudy and finally choked. The 
face was flushed, and there was tdehe o6r&)rale. The abdomen became 
retracted. There was no paralysis, but the knee-jerks, which in the 
first weeks were absent, b^ame exaggerated, and ankle clonus was 
obtained. She died on December 5th. The autopsy showed tubercles 
scattered over the pia, especially on the base and in the fissures of Syl- 
vius. There was much serum under the pia. The ventricles were 
greatly distended by cloudy serum. There was some oedema, but no 
inflammation of the brain and no apparent cause fur the limitation of 
the convulsion to the right side, though there was more serum over the 
left hemisphere, about the motor zone, than elsewhere. In this case it 
was evident at the autopsy that no operation would have had any effect 
to relieve the condition. 

5. Syphilitic Meningitis. — The symptoms of this form of meningitis 
develop more slowly than those of the other forms, f^nd are more easily 
and successfully treated. They resemble the symptoms of brain tumor, 
but are more rapid in thei^ progress. The patients suffer from general 
sensations of discomfort in the head, from headache, which is often 
occipital, sometimes frontal, sometimes diffused over the entire head, 
and is usually worse towa^ evening, and keeps them awake in the 
night. They become nervous, cannot control the emotions, and can- 
not think quickly or keenly; hence they are unfitted for business. 
They are subject to attacks of vertigo, and may at times vomit unex- 
pect^ly without preceding nausea. After .a time dimness of vision 
may be noticed, and an ophthalmoscopic examination shows an optic 
neuritis; or a tiiird nerve pals.y may suddenly occur, with ptosis, ex- 
ternal strabismus, and immobility of the eyeball and pupil; or a facial 
palsy or sixth nerve affection, with internal strabismus may occur. It 
is more rare for thp other cranial nerves to be affected although intense 
neuralgia of the face, deafness, and difiiculty of swallowing have been 
observed. After some one or more of the cranial nerves on one side 
have become paralyzed a hemipl^ia of the opposite side not infre- 
quently develops, not complete, but attended by increase of reflexes, 
^nsoiy disturbance is rare. Polyuria is a very common symptom in 
these . cases. Occasionally a cerebellar gait has been noticed. In one 
of my cases general convulsions occur^ several times before treat- 
'ment began to produce an effect. The symptoms, therefore, are quite 
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like those of tnmor on the base of the brain. Sometimes the gummy 
exudation is in the Sylvian fissure and causes compression of the blood- 
vessels supplying the cortex. In these cases sudden attacks of aphasia 
or hemiplegia may occur. 

The meninges of the convexity are occasionally involved in a syph- 
ilitic meningitis, and in these cases symptoms resembling a localized 
brain tumor, attacks of Jacksonian epilepsy, or of aphasia, followed 
by monoplegia, may occur. The headache may be localized at one 
spot and may be attended by tenderness on percussion of the head. 
Mental symptoms are prominent in these cases, resembling those of 
paresis, but with dementia more evident than delusions. The symp- 
toms may be very irregular and intermittent, as in tlie basilar type, 
severe on one day, slight on the next; they may vary in their location, 
and they are rarely as permanent and continuous as in brain tumor. 
The occurrence of an optic neuritis is the exception in menigitis of the 
convexity. The difficulty of diagnosis between a specific meningitis 
of the convexity, paresis, and brain tumor is so great that in every 
case where the question of diagnosis arises it is well to try antisyphili- 
tic treatment. If this fsuls operative treatment may bo considered, for 
successful removal of gummy tumors has been recorded. 

The various symptoms named develop gradually in the course of a 
month or six weeks, increase in intensity, and prostrate the patient 
completely. But when treatment is begun they soon begin to subside, 
and finally may entirely pass away, leaving the patient quite well. 

In cases of long duration, where the nerves or the brain have been 
^riously compressed, and where degeneration in the nerve trunks or 
in the brain tracts has been product, the recovery is much delayed or 
may be incomplete. Thus in one of my cases which showed paralysis' 
of the sixth, seventh, and eighth nerves on the left side, and a marked 
cerebellar gait, with staggering toward the left, the cranial nerve palsy 
recovered, the gait became natural, but there has remained at the end 
of three years a sense of uncertainty of position and some vertigo on 
rapid walking and an exaggerated knee-jerk on the right side. In 
another case, after a period of occipital pain, worse at night, the right 
sixth and seventh, then the fifth, then the third nerves were paralyzed, 
and then a left hemiplegia appeared. These symptoms subsided under 
timtment, but after a few months deafness in the right ear and a 
marked staggering to the right ride, with polyuria, developed. These 
also subsided under treatment, and for ten years this man has been well 
and able* to work, but suffers from vertigo. 

Prognosis. — The prognosis is fairly good in syphilitic meningitis, 
as treatment promptly causes the absorption of the exudation ; but it 
must not be forgotten that symptoms due to an actual destruction of 
cerebral tissue are permanent. 

Treatment. — Treatment, no matter at what stage in the course of 
syphilis, should be by means of inunctions of mercury. One drachm 
of blue'ointment is to be well rubbed into the body daily, and the 
absorption is increased by a daily bath in water of a temperature of 106° 
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to 108° F. for half an hour. This bath may be followed oy cool 
sponging to prevent too great sweating and taking cold. The applica- 
tion of mercury should Iw to a different part of the body each day, and 
this part should be bandaged, so that any ointment left on the skin may 
be absorbed and not rubb^ off by the clothing. I prefer this method 
to that by hypodermic injection of corrosive sublimate, though this may 
be resort^ to in some cases. Pills of mercuric iodide, red or green, usu- 
ally derange the stomach and their effect is less rapid than that of tlie 
inunctions. After the mercury has been given for one week iodide of 
potassium is to be begun in addition to the mercury. It is my rule to 
begin with a dose of twenty-five grains three times a day, as thus the 
coryza which is caused by small doses is avoided. The amount is then 
increased rapidly, one grain at each dose until three hundred grains 
daily are being taken. On reaching a dose of fifty grains it is better 
to increase tlie number of doses than to increase die size of each dose. 
If the iodide is given well diluted in \rater, in some gaseous mineral 
water or in milk, it can usually be taken for several months. The 
mercury should be continued with the iodide until marked improvement 
is manifest or until salivation is caused. This should, of course, be pre- 
. vented by the use of a mouth wash of chlorate of potash, and by clean- 
ing the teeth after each meal and after each dose of medicine. Usually 
three ounces of blue ointment are sufficient but more may be needed. 

The general strength of the patient should always be kept up to the 
best pomt ; every possible means being used to promote health. An 
out-of-door life in good country air, moderate exercise, the best food 
posuble, and a generous diet, with moderate use of stimulants and 
tonics of all sorts are to be advised. The benefit of a course of treat- 
ment at hot springs or in ^ sanitarium is partly due to the more health- 
ful surroundings ffian city life affords. 



PART III. 

FUNCTIONAL DISEASES. 


CHAPTER XLI. 

NEURALGIA. MEEALQIA. HERPES ZOSTER. REFERRED PAINS. 

Neubaj:.qia is a disease of a sensory nerve characterized by pain in 
the course of the nerve or in its peripheral distribution. 

Mcralgia differs from neuralgia in that it occurs in the legs and only 
on standing and walking, but never at rest. This form is often at- 
tended by parsesthesia in the distribution of the nerve and by slight 
ansesthesia. 

Herpes zoster is a trophic disturbance of the skin situated alvrays in 
the domain of a sensory nerve — and often attended by neuralgia. 

Referred pains are painful sensations felt in some region of the body, 
but actually due to some diseiisc of an internal organ, whose central 
nervous mechanism is located in the part of the nervous system with 
whieh the region in which the pain is felt is connected. 

NEURALGIA. 

Etiology. — Neuralgia may be due to toxic agents of external or of 
internal origin ; organic or inorganic ; causing an irritation of the neu- 
rones, or of tlieir axoues. It may Iks causetl by congestion, without or 
with a serous exudation in the sheath of the nerve, and consequent 
compression and irritation of the nerve fibres. It is often due to dis- 
ease in the bloodvessels accompanying the nerve, which prevents those 
processes of osmosis necessary to proper nutrition. It is also the first 
symptom of organic disease in the nerve fibres, or in the endoncurium, 
of a primary inflammatory character, since many cases of neuritis are 
preceded by attacks of neuralgia. It not uncommonly develops in 
nerves which pass through or near oigans which are the seat of dis- 
ease. A«d it is a frequent manifestation of certain disorders of nutri- 
tion, indigestion, stomach or intestinal fermentation, rheumatism, gout, 
diabetes, anaemia, chlorosis, as well as of the various infectious diseases, 
especially malaria and syphilis. 

The majority of authorities, however, do not regard neuralgia as 
necessarily a peripheral disease, although its manifestations are |)eriph- 
eral. The sensory nerves send their impulses inward to the gray mat- 
ter of the spinal cord or brain axis, where such impulses are primarily 
received in a peculiar substance — the gelatinous substance of R(^ 
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lando — which appears to be a fine felt-like structure containing manjr 
minute cells or nuclei. Thence these impulses are sent up by the cen- 
tral sensory tracts to the cerabral cortex, where they are consciously 
perceived. An irritation in the gelatinous substance or in the central 
tracts is capable pf producing pain referred to the periphery, as many 
cases of organic disease in these paits prove. Hence it has been 
thought that some disturbance in nutrition of the central sensory re- 
gion is the usual cause of neuralgia, and this theory receives support, 
as Gowers has held, from the facte that pain may be felt in adja- 
cent parts of several nerve regions, may radiate into adjacent nerve 
regions, or may be felt in a region not that of the irritated nerve. 

Neuralgia may be hereditary. It rarely develops during childhood, 
but from youth up to old age no one is exempt. Women appear to 
sufier more than men. It occurs more frequently in nervons and hys- 
terical individuals, and emotional excitement is said to be a cause. It 
is particularly frequent in sensitive persons in a climate where damp- 
ness is common. Attacks bear a distinct relation to atmospheric 
changes ; a low barometer, a high degree of humidity, and a falling 
temjierature combined are often exciting causes. 

Certain electric states of the atmosphere, of which as yet we have 
no precise knowledge^ and no means of recording, are capable of caus- 
ing attacks; and persons who arc subject to neurdgia are conscious of 
sensations which coincide with changes in electrical tension. Thus 
many persons are warned by a neuralgic attack of the coming of a 
thunder shower, or of a severe storm, some hours before it arrives. 
Attacks occur with much greater frequency in winter than in summer. 
Exposure to cold is the most common cause of an attack, and when a 
nerve is painful a drau^t of air often causes a sudden paroxysm, 
while heat almost uniformly relieves. Patients are usually hyper^n- 
sitive to cold in the painful area and instinctively protect it when 
exposed. 

Symptoms. — The symptom of neuralgia is pain. This is sharp, 
sudden, shooting along the nerve, and transient, ^ing succeeded by an 
interval of fre^om. The pain is often accompanied by numbness, 
tingling, or burning in the surface to which the sensory nerve goes ; 
and after a time it is followed by a tender sensitiveness of this part 
. and also of the entire nerve trunk. Pressure on the nerve elicits un-. 
' usual tenderness and starts an attack of pain. Sometimes the pain is 
so severe as to cause reflex or automatic spasms in muscles whose motor 
centres are in clo^ relation to the sensoiy root involved.' Thus tri- 
geminal neuralgia often causes a twitching of the eyes and face ; inter- 
costal neuralgia, a bending of the entire trunk ; sciatica, a drawing up 
of the leg. Any movement, especially if sadden, is liable to start a 
paroxysm of pain, hence patients instinctively keep quiet, move cau- 
tiously, and avoid effort. Sometimes vasomotor and trophic distur- 
bances attend or follow a neuralgic attack. Such are flushing of the 
surflioe, unusu^ sweating, or herpetic eruptions on the skin, or falling 
of the hair. A diiAinct, unusual pulsation in the vessels of the pain- 
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ful region or nerve can often be felt. A slight swelling of tlie pain- 
ful i^egion may also occur. 

Herpes zoster is a frequent accompaniment of neuralgia in any nerve. 
It sometimes occurs without neuralgia but is always limited in its ex- 
tent to the domain of one or more nerves, as Head has demonstrated.* 
It is particularly frequent in connection with neuralgia of the thoracic 
region. It may precede or it may follow an attack of neuralgia, or it 
may occur as the only symptom of the affection of the ganglia. 

The course of the disease is very variable. The pain occurs in par- 
oxysms and these vary in severity and duration. The pain may come 
every few seconds, lasting several seconds, for many hours. Such an 
attack may recur regularly every day at a defintte hour. It often 
subsides at night, though this is not uniformly the case, and in some 
patients the pain is worse at night. Attacks rarely continue for more 
than three or four days when they are succeeded by a free interval of 
several days, weeks, or even montlis. Some women suffer from neu- 
ralgia with each menstrual period. 

The tendency to a recurrence after one attack is well known, and 
almost everyone is conscious of some nerve in his body of little resis- 
tance, liable to give him pain when he is ill. A person who has such 
a tender nerve rarely suffers from neuralgia in other nerves, and neu- 
ralgia is rarely bilateral. Occasionally it develops in different nerves 
at different times. If there is discovered a cause which can lie re- 
moved, which is rarely the case, treatment of a rational nature can 1 m 
instituted. But in the majority of cases palliative remedies have to be 
employed. When herpes occurs, with or without neuralgia, the dura- 
tion of the attack is longer. The vesicles remain for at least two 
weeks, often occur in successive crops and sometimes persist for two 
months. They may leave permanent scars. 

Pathology. — As fatal cases are rare no autopsies are on record. 
But surgeons have cut out both nerves and ganglia for the relief of 
neuralgia, and from the examination of these much information has 
b^n obtained concerning the pathology of tlie disease. All the various 
processes of neuritis, with degeneration, and atrophy in the nerve 
fibres have been seen. But the more important lesions appear to be 
in the neurone bodies which lie in the ganglia. These neurone bodies 
have been found in different stages of degeneration, with chromatolysis, 
vacuolization, and atrophy. Some neurones stain only faintly and are 
most irregular in outline, being so slirunken as to leave the sjnee in 
which they lie almost empty. Some neurones are very small, without 
nucleus or necleolus. The fibres within the ganglion are often swollen, 
the medullary sheath is disinti^rated, the axone is granular. In other 
fibres the sheath is full of a disint^rated mass in which the axone 
cannot be distinguished. In still others the sheath is empty. These 
changes are shown in Plate III. 'the connective tissue about the 
neurone bodies and also about the fibres has been found to be increased 
in density. The small bloodves^ls in the ganglion are sometimes 

46 'Brain, 1896. 
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closed by the proliferating tissue in their walls, and all forms of 
atheroma and sclerosis have been seen in the larger vessels. These 
clianges are shown in Plate XXVIII., taken from Keen and Spiller.‘ 
Other authors have found marked thickening of the walls of the 
bloodvessels which lie in the endoneurium of the affected nerves, and 
'this thickening may be present both in the media and intima. In 
many cases true atheromatous degeneration of the smaller arteries has 
been found. Similar changes have been found by Thomas in the 
ganglia on the posterior nerve roots in the early stage of tabes (see 
Chapter XIX.), and that disease begins with neuralgic pains. In 
cases of neuralgia attended by herpes, hemorrhages have been found 
in the ganglia. It is, therefore, probable that neuralgia has, in every 
chronic case, some organic lesion. 

While these changes are characteristic of chronic and long-standing 
cases of neuralgia, especially in cases of trigeminal neuralgia, it is not 
to be thought that they are present in die acute and transient cases. 
They are, however, indications of a long-continued malnutrition, and 
hence, we may conclude tltat in the acute cases some temporary malnu- 
trition of the sensory neurones is present 

Treatment. — The causal treatment of neural^ consists in elimi- 
nating all factors capable of producing the disease. These have been 
mentioned in discussing the etiology. Everything which tends to 
build up the strength and health of the patient ; a life with interests 
but without anxiety ; a healthful r^imen with proper diet and exer- 
cise j daily baths, either cold or hot, followed by cold sponging ; regu- 
lation of the digestive functions and of the bowels ; washing the kid- 
neys out by drinking an excess of water ; and adding to the diet those 
tonic medicines which occasionally strengthen the nervous system, such 
as cod-liver oil, quinine, stiychnine, iron, arsenic, and the glycero- 
phosphates will eventually help to cure neuralgia. When any sus- 
picion of infection arises, especially when malaria is detected, a mer- 
curial purge followed by quinine in laige doses (20 grains), or by 
Warburg’s tincture (5ij) (which I consider superior to quinine in 
many types of neuralgia), will give relief. The quinine or Warburg’s 
extract should bo given in laige doses four, and again three, hours be- 
fore the attack of neuralgia is due. In the malarial type a distinct 
periodicity in the attack is so common that this time can easily be 
reckoned. A small dose of the drug may be used between the attacks 
at intervals of six hours. When syphilis is suspected as a cause (and 
in such cases the attack usually occurs in the afternoon), mercurials, 
combined with large doses of iodide of potash, are indicate. 

In many cases of obstinate neuralgia climatic conditions must be 
considered, and very often a change of air will be of great benefit. 
A sojourn at the seashore, or in the mountains, according to the ex- 
perience of the patient as to the benefit previously derived from travel, 
will often appear to start a cure. The regime of a sanitarium, or 

I Keen and Spiller. V On Besection of the Gaaeerian Oanglion,” American Journal 
of the Medical Kiencea, November, 1898. 
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Fia. 1. - -Portion of the Gasserian ganglion at the entrance of the third branch of 
the trifacial nerve. The medullary sheaths are most irregularly swollen, and at the 
right of the field empty nerve sheaths arc seen (method of Azoulay). 

Fia. 2. -Portion of the second branch of the trigeminal nerve near tlie Gassitriaii 
ganglion. 'I’lie axis cylinders have entirely disappeared, and the medullary sheaths are 
greatly swollen. In many places the medullary substance of two or more nerve fibres 
has united into irregularly shaped masses (osmic acid stain). 

Fio. 3. — One of the nerve bimdles within the Gasserian ganglion. Numerous 
swollen and irregularly formed axis cylinders may be seen. In most portions of the 
field these- appear ns drops of a red, hyaline-like substance, but in one portion an axis 
cylinder of considerable length may be seen. 

Fio. 4.— Hloodvessels from the Gasserian ganglion. The walls arc greatly thickened, 
and the lumen of the large vessel has been almost entirely obliterated. In one place 
the innermost layers of the vessel have contracted from the outer during the process 
of hanicning. Smaller vessels in the upper part of the field are entirely closed. 

Fig. .5. -A nerve bundle of the trigeminus close to the Gasserian ganglion. Only 
a few nerve fibres are present, and everywhere an abundance of connective tissue is 
seen. Three much swollen medullary sheaths are in the field. 
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water-cure, as well as the chaii}^ of air, change of habits and sur- 
roundings, and freedom from work or home care, are of great benefit 
to many patients. And if this can be combined with foreign travel by 
sending patients to some health resort abimd, much relief will bo 
obtain^. The dry climate of tlic Nile, tlie rarefied air of the Enga- 
dine, or high Swiss valleys, or Colorado, are veiy beneficial. 

The treatment of herpes zoster consists in making applications of 
zinc ointment in the early stage and protecting the surface by linen 
bandages. Collodion may be applied in the later stage when there is 
no longer any liquid secretion in the vesicles. If the vesicles fill witli 
pus they should be punctured aud washed with a solution of corrosive 
sublimate 1 to 5,000. 

The palliative treatment of neuralgia will be considered in discussing 
the special forms of the disease. 

SPECIAL FOBMS OF NEUBALOIA. 

Trigeminal Neuralgia. — Neuralgia of the fifth nerve. Tic dou- 
loureux. This is the most common form of neuralgia. 

Etiology. — Women are more subject to trigeminal neuralgia than 
men. It is a disease which is very uncommon under the age of twenty 
years, tlie majority of cases occurring between the ages of twenty-five 
and fifty years, but no age is exempt, and as the disease is a chronic 
one, the patients may suffer from it until the close of a long life. I 
have seen it in patients over eighty years of age. The disease is dis- 
tinctly an hereditaiy one, many patients admitting that their parents 
or grandparents have suffered from it. It develops more commonly 
in winter than in the summer, which gives support to the theory tlmt 
the majority of cases are due to exposure to cold. Neurasthenic indi- 
viduals and those who suffer from anaemia, chlorosis, and gout, or 
diabetes, are more subject to the disease than otliers. Head* has 
denied this very strongly, but my observations do not support his 
statements. 

Slight attacks of trigeminal neuralgia may occur in the course of 
any slight illness, such as a disorder of the stomach, an acute intestinal 
infection, chronic constipation, congestion of the kidneys, a bod (M)ryza, 
or angina, or an attack of grippe. In many gouty or rheumatic indi- 
viduals it is a frequently recurring symptom of the general disorder. 
Some persons feel a sudden neuralgic pain in the trigeminal nerve 
while eating ice-cream or drinking very cold drinks. Attacks of neu- 
ralgia are not infrequent in connection with migraine. In many per- 
sons who are affect with astigmatism, or defective accommodation, 
neuralgia of the trigeminal nerve may follow any strain of the eyes. 
Ear disease is also said to have cau^ it (Moos). Such attacks are 
extremely temporary and need no special treatment further than the 
treatment of the causal condition, of which they are the effect. But 
trigeminal neuralgia may become a more serious and troublesome 

* Allbutt’s System of Medicine, voL tL, p. 732. 
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disease, and such cases require careful study. In chronic lead poison- 
ing it appetirs to be a not infrequent symptom. 

Many castis can be traced to an attack of some one of the infectious 
diseases, of which malaria, grippe, and typhoid are the most common. 
In this country when a patient has once had malaria, it is not 
uncommon for subsequent attacks of this disease to manifest them- 
selves exclusively by attacks of trigeminal neuralgia. Usually such 
attacks are daily in occurrence, at a definite time of the day, and 
last for a few hours and disappear as suddenly as they came on. 
Organic disease of any kind upon the base of the brain, or in the 
course of the trigeminal nerve, is capable of producing trigeminal 
neuritis, with a consequent neuralgia. The syphilitic affections of the 
base of the brain, also tuberculous affections, tumors of the brain, or 
fractures of the l^ase of the skull, and aneurisms of the internal carotid 
artery, or of the circle of Willis, bullet wounds of the base of the 
skull, any disease of the bones of the head and face and catarrhal 
affections of the nose and throat, dental caries, and any functional dis- 
turbance of the eye or ear, are all capable of setting up a neuritis in 
contiguous nerves and producing either local or trigeminal neuralgia. 

Symptoms. — The chief symptom of trigeminal neuralgia is intense 
pain in the course of the nerve and upon the face, usually deep, some- 
times on the surface. This pain occurs in sharp paroxysms which are 
repeated frequently, a scries of sharp, shooting pains being followed 
by an interval of relief. Pain is so intense as to be agonizing. It is 
frequently a burning pain. It makes the patient cringe, it causes a 
flow of tears, and in very many csises a sharp, quick contraction of the 
muscles of the fece, a closing of the eye and drawing up of the mouth. 
The patient may even turn the head downward wiA pain. Changes 
in the condition of the atmosphere, an increase of the humidity or 
variations of barometric pressure or of temperature may excite an 
attack of pain. Some patients have annual attacks during the winter 
months and are free during warm weather. Any draught upon the 
face or exposure to cold, any movement of the muscles of the face, the 
acts of whistling, of talking, of chewing, of swallowing, are capable 
of arousing the pain, and the patient will very often starve rather than 
incur the pain of eating. Mental anxiety or intellectual efforts seem 
capable of starting op an attack. Pain ^oots out into the entire dis- 
tribution of the trunk of the nerve which is affected. In some cases 
only one trunk is involved, in other cases two trunks, in mpst severe 
cases all three trunks. lie most common form of neuralgia is the 
supraorbital, in which the pain is felt above the eye and at the notch 
or foramen through which the supraorbital nerve makes its exit upon 
the forehead, and over the forehead and in the hair as high as the ver- 
tex. Sometimes the pain radiates into the eyeball, and occasionally 
pain in the eyeball is the only manifestation of neur^gia of the supra- 
orbital nerve. When the infraorbital branch is the one which is 
affected, pain is felt upon the cheek and in the upper teeth, and espe- 
cially in the antrum and malar bone. It may then go as far out as 
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tlie temple and the lobe of the ear. When the thinl or lower branch 
of the nerve ia aftected, the imin is felt upon the cheek and lip and in 
the lower teeth, also within the mouth, even in tlie tongue. 1 have st.'eu 
cases in which the neuralgia was limited to the tongue, piiu being felt 
chiefly in the side and lower surtiice of tlie organ, being much iuten- 
sified by the act of swallowing, or talking, or chewing. The pain 
usually extends in chronic cases from the branch of the nerve first 
afleeted into the other branches, so tliat eventually the entire face is 
the seat of pain. In one patient a touch along die lower part of the 
cheek on the right side caused intense pain in the right half of the 
tongue, and there was also a tender spot over tlie ramus of the jaw 
just in front of the ear, but no ancesthesia or loss of taste. A very 
hypersensitive condition of tlie skin in the domain of the branch 
affected is quite fi'equent. Thero is a constant sense of tingling, and 
an unusual appreciation of little variations of temperature ; and a slight 
touch with the fingers, or with cotton-wool is disagreeable and })ainful. 
For this reason patients very often instinctively protect the affected 
jmrt by applications of woollen cloths in order to keep the part at an 
even temperature and to avoid sudden and unexpected contacts. The 
face does not often show any change in color, but occasionally it is a 
little red and the conjunctiva and mucous membrane of the mouth and 
nose may be congested. Sometimes an increased pulsation of the 
bloodvessels accompanies the attack of neuralgia and the arteries may 
be felt to be fuller than usual. It is to be recollected that the most 
common lesion found in neuralgia is an arterial sclerosis, which may 
account for the thickening of the arteries that is felt. Sometimes the 
attack is accompanied by a secretion of tears or of saliva. Trophic 
changes in the skin of the face have occasionally been observed, the 
most frequent of which is tlie appearance of herpes zoster, ^me 
authors have spoken of an unusual grayncss of hair and of falling of 
tlie beard, but this I have never seen. 

Although the fifth nerve conveys the sensation of taste, this is not 
affected in any way in trigeminal neuralgia — a fact that proves that 
the taste fibres are independent of those of the fifth nerve proper. 

The nerve trunks are extremely tender during an attack of neuralgia 
at tlieir exits upon the face, namely, over the eye, ujion the malar 
bone, and upon the chin. Any pressure at tliese points produces very 
great increase of the pain during an attack. It must be remembereil, 
however, that these points are normally sensitive to pressure. In 
Plate I V the distribution of tlie various branches of the fifth nerve in 
the face is shown. 

Course. — The course of tlie disease varies very much in different 
cases. Usually a neuralgia begins with a sudden attack, which lasts 
for several days and tlieu passes off under the use of remedies. Such 
an attack may recur from time to time, and in the severer tyjie the 
attacks become more and more frequent, so that the patients who have 
had but one attack in one or two years, after a few years may be hav- 
ing an attack every week. In the most severe type of case the pain 
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comes on every few minutes, day and night, lasting at times for several 
weeks in this miuiucr, and is cjuietc<l only by the strongest opiates, to 
recur as soon as the effect of the remedy has worn off. It is in the 
severer type of case that sui^ical interference is willingly permitted. 
In any case of facial neuralgia one attack predisposes to another, and 
patients who have oiKse had an attack appear to be subject to tlie dis- 
ease for the I’cst of tlieir lives. The intervals, however, may be so 
long (several years) and the attacks may yield so reswlily to a sympto- 
matic or causal treatment as to preclude any idea of the division of the 
nerve. I have several patients who never go through the winter 
without a severe attack. One such patient, who had been a sufferer 
for many years, escaped while spending the winter on the Nile. In 
many casts a warm winter climate is advisable. • The general dele- 
terions effect of sevei’e pain ujwn the constitution and nutrition of 
the patient is often demonstrated in cases of trigeminal neuralgia. The 
sleep is poor, the assimilation of food is impaii'ed, even where the 
patients are not prevented by pain from eating ; disorders of digestion, 
especially constipation, are common, and a state of mental dis(iuict, 
apprehension, and ho]X!lcssncss may develop ; in fact, some cases liave 
gone on to melancholia and suicide. 

Diagnosis. — The diagnosis of trigeminal ncui-algia is vciy simple ; 
the only question that can arise is whetlier the ncui^gia is based upon 
an actual neuritis, or is a purely functional disease. The existence of 
continuous pain, tlie paroxysms alternating with remissions rather than 
intermissions, continuous tenderness in the coui’se of tlie nerves, the 
development of aueesthesia in the skin of the face, and the determina- 
tion of some organic disease as a cause, such as syphilis, tumors, etc., 
mentioned in die section of etiology, make the diagnosis of neuritis 
rather than neuralgia probable. The facts which are presented in the 
chapter upon refer^ pain should not be overlooked in making the 
diagnosis, and neuralgia sliould never be confonnded with migraine. 
The pain in migraine is felt in the temple and side of the head, and is 
not located in the course of the branches of the fifth nerve. 

Treatment. — The treatment must first be causal; if an organic 
affecdou can be ascertained as a basis, it must be treated and removiHl. 
In malarial cases and in any case that is of uncertain cause, quinine 
should be tried. It is well' to precede this by a mercurial purge — 
calomel grain every hour until 1 grain is taken — and to give the 
quinine in a dose of 20 to 30 grains, which should be administered 
within an hour and about three hours before the paroxysm of pain is 
due. Thus the maximum effect of the quinine, which is felt two hours 
after its ingesdon, will coincide with the time of the paroxysm and 
will prevent its occurrence. While caries of the teeth is an occasional 
cause of neuralgia, and the condition of the teeth should always be 
investigated, m the pain may not be felt in the region of the infected 
tooth, yet in my experience this cause is an infrequent one, and many 
patients have had all the teeth removed, on the supposition that they 
trere the cause of the affection, without any relief whatever. The so- 
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called Riggs’ disease, a dental exostosis to which great imjmrtancc has 
been as(!ribed, is not a common e^iuse of neuralgia, and its treatment is 
rarely, if ever, followed by relief of the jwin, if this is truly neumlgic. 

In all conditions of trigeminal neuralgia the general health of the 
patient must be considere<l as well as the symptomatic treatment. 
These j>atients, as a rule, are anaemic, and are rapidly run down by tlie 
storvation that is consequent upon the pain of the act of chewing. It 
is especially important that every possible means should be used to 
build up the general health. They should be well fed by means of 
fluid food, reinforced by nutritive enemata iu case solid fotsl mnnot l)e 
taken. Alcohol, cotl-liver oil, beef marrow or medullary glyceride, 
glycero-phosphate of soda, hypophosphites, arsenic, iron, and strych- 
nine should be used fi’eely as general tonics, and the nutrition genendly 
improved by daily baths and douches and by massage. A change of 
air is often the one thing that will make the symptomatic remedies 
efficacious, and the important thing is to secure a change from sea to 
mountains, or mountains to sea, according to the pla(;e where the 
patient is accustomed to live. In some persons the damp of the sea 
air tends to produce a return of the neuralgia, and in these persons a 
dry climate should be sought. A w'arm climate is essential, and one 
free from dampness. Egypt, lower Florida, southern California, are 
all excellent. There are no special baths or health resorts that claim 
to be efficacious in the timtment of neuralgia, but the r6gime secured 
in a foreign water-cure is sometimes of benefit. 

Remedies for the pain are very numerous. The most important are 
the newer analgesics, namely, phenacetin, 10 grains to 15 grains every 
two hours ; acetanilid, 5 grains every two hours ; antipyrine, 1 5 grains 
every two hours, or salophen, 16 grains every two hours. It is well 
to combine with each dose of these drugs a grain of cafleine and one- 
hundredth of a grain of strychnine to avoid their depressing action upon 
the heart. A hot alcoholic drink sometimes gives immediate relief. 
Quinine may be used with it. 

Aconitine is the best remedy. It is given in pill or tablet form, 
the French pills of Chapoteaux being tlic best preparation. Each pill 
contains yJ-j- grain milligramme), and the remedy must be used 
with sufficient fi’equency to produce constitutional cflects. It is my 
rule to begin with one pill every four hours and decrease the intervals 
each day one-half hour until one pill every two hours is being given, 
or until constitutional eflects arc evident, namely, tingling of the 
tongue apd fingers, sense of general weakness and fecbleucss of the 
pulse. It is well to combine with this a fiftieth of a grain of strych- 
nine during the firet two days and then of a grain of strychnine, 
when the aconitine is being given every two hours. If the strychnine 
does not agree with the patient, or produces twitchings, the dose of 
this, may be reduced, or caffeine two grains, or 8{)artein grain may 
be f^veu iu its place. Some hmrt stimulant is to be used in ccmnec- 
tiou witli the aconitine, when the laiger doses are given and the pa- 
tient should be warned against making any sudden muscular efforts. 
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and during the week or ten days of such treatment should walk very 
little. 

Gelsemium is the remedy next in favor, and this is to be begun 
in small dose, 10 drops of the tincture, or 10 drops of the fluid 
extract, being given every three hours, and the dose increased by 1 
drop each time until the patient perceives physiological effects, which 
are a heaviness of the upper eyelids and a difficulty in opening -the 
eyes. In one obstinate case 30 drops of the fluid extract every three 
hours uniformly cured the attack. This remedy may be kept up at 
the point which produces this physiological effect for several days and 
very often gives marked relief. In patients of my own this remedy 
has succeeded when aconitine had failed completely. 

The tincture of colchicum has been used with considerable benefit, 
es{)ccially in the gouty cases. The wine of colchicum may be given in 5- 
drop doses every two or three hours until a purgative action is produced, 
and then the dose may be decreased in amount, or the frequency of 
the dose may be lessened. The effect can be continued for several days. 

Butyl chloral hydrate in 5-grain doses every hour for 4 doses has 
been highly recommended as a remedy for neundgia of the fifth nerve. 

Preparations of arsenic ; especially tlie caeotlylate of sodium, | to J 
gr., three times a day, are of considerable service. They may be used 
in conjunction with the remedies already mentioned, or alone, great 
care being taken to avoid toxic effects. 

The most certain and satisfactory remedy is opium or morphine. 
This may be given in the form of extract of opium, or the tincture 
of opium in increasing doses, by the stomach, or morphine may be 
used hypodermically. In the majority of cases of trigeminal neuralgia 
it will eventually be lised^ although if possible patients should be pre- 
vented from resorting to it too soon, or too freely, as there is no 
disease in which the morphine habit is a more common sequel than 
trigeminal neuralgia. Yet in ‘ the paroxysms of pain it is imjKjrative 
to give relief, and the mere fear of engendering the habit should not 
prevent one from using it in appropriate cases, especially in the early 
stage of the disease and until other remedies can have the time to 
exert a constitutional effect. 

Strychnine has been used by I^na hypodermically in large doses for 
the relief of various forms of neuralgia, a dose being b^uu of of a 
grain and inci'eased as high as -A- of a grain hypodermically once in 
twenty-four hours. I have seldom seen any benefit result from this 
treatment, but I have seen severe stiychnine poisoning ensue.' 

In individuals who are the subject of arterial sclerosis nitie-glycerin 
is a remedy of considerable efficacy, which may be used in or 
of a grain and repeated with sufficient frequency to produce a peieep- 
tible effect upon the arterial tension. Nitrite of sodium in 1- or 2- 
grain doses is equally efficacious. 

The extract of cannabis indica has some reputation in the ti^tment 
of neuralgia. It is to be given in tablet or pill form, | of a grain at 
' a dose several times a day. 
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Prcparatiooa of the bromides, and bromide combined with chloral 
may of some service in the lighter forms of ucundgia, but in the 
severe attacks do not liave snificient effect to quiet the {min. If a small 
amount of morphine be added to full doses of these two dm^ a use- 
ful remedy is obtained. 

Local applications to the fiice sometimes give considerable relief. 
Applications of ice bags or freezing the face by a spray of chlori<le of 
ethyl applied to the point of exit of the branch of the nerve affected 
are sometimes of considerable service. The majority of {mtients, how- 
ever, prefer hot applications ; and a hot-water bag or a poultice or an 
application of cotton covered with oiled silk, outside of which a hot 
bag or a Japanese hand furnace can be placed, will often give consid- 
erable relief. Most of these patients prefer to protect die face by 
some woollen substance and thus avoid ex{)osure to cold or to changes 
of tem{)erature. 

^Sometimes local applications of lotions and salves are of service. 
Weak chloroform liniment, evaporating lotions of opium and lead, or 
ointments containing aconite, morphine, atropine, and veratrine, have 
been used with some success. Rubbing die tace with a mendiol [lencil 
may give relief. The face may be {minted with collodium in which 
iodoform, 1 to 15 grains, has b^n di^lved, a thick coating being a{i- 
plied over the exit of the branch of the nerve aifected. Oampiior and 
chloral rubbed together into a paste and applied has been of benefit. 

Inhalations of chloroform may be given with gtxxi effect, but this, 
of course, must be used with great caution. 

Electricity in the form of galvanism, a mild, continuous current, widi 
the {xisitivc {wle upon the painful {mint and the negative on the baitk, 
has been recommended. The application should be five minutes in 
duration over each branch of the nerve and great care should be taken 
not to make or break the current during the application, it being be- 
gun very gradually by the aid of a rheostat, ^metimes a severe ver- 
tigo may be produced by applications of galvanism to the head and 
face. I have never seen any good result from this method of treat- 
ment. 

Massage of the face is usually very {minful in conditions of neuralgia 
and has never in my ex{)crience been of much service in the treatment 
of the attacks. Vibrations maintained by a tuning-fork electrically 
vibrated, the end of the fork being in contact witli the affected branch 
of the nerve, and vibrations with the end of the fingers of an expert 
masseur,* have given relief in some cases. 

The actual cautery cannot be applied to the face on account of the 
soars which remain, and hence is not used in trigeminal neuralgia. 

Surgical Treatment. — For many years division of individual 
branches of the nerve has been practised for the relief of neuralgia, 
the nerve being merely divided or being divided and the central end 
stretched, or a considerable section of the nerve being removed. To 
reach the {)eripheral parts of the supraorbital or infraorbital nerves, 
semilunar incisions of the eyebrow or cheek are made in the natural 



NEURALGU. 


730 

( 

lines of the skin, and chiselling out of the orbital bones gives access 
to the nerve. Division of the third branch of the nerve within the 
mouth, as it passes into tlie ramus of tlie jaw, is a comparatively simple 
operation within the reach of almost any surgeon. The deeper opera- 
tions of division of these various roots at their exit from the skull re- 
quires much greater surgical skill and is very complicated and bloody. 

Recently surgeons have resorted to the injection of a IJ per cent, 
solution of osmic acid for the relief of mild cases of neuralgia limited 
in extent to one branch of the nerve. Two minims of the solution 
may ire injected slowly through a very fine needle into the sheath of 
tlie nerve alter it has been exposed as described. The osmic acid de- 
stroys the nerve fibre by dissolving its medullary sheath. This opera- 
tion may be performed under cocaine, but the injection of osmic acid 
causes severe pain, and therefore ether ansesthesia is preferable. I 
have known of two cases cured by this method. 

A new method of treatment is by the injection of three minims of 
90 per cent, alcohol into the branch of the nerve affected. This must 
l)c done at its deepest accessible point just at its exit from the skull by 
means of a very long and delicate needle. At the moment of injection 
severe pain is felt in the nerve and subsequently its area of the skin is 
antesthetic for mouths. Success has been reported by many.* 

While such operations may give relief for some months or years, 
they are not positively curative, but they may be performed when die 
case is a chronic one and the neuralgia is limited to a single branch of 
tlie nerve. In the majority of cases the neuralgia eventually extends 
to other branches, and in such cases the more radical operation advised 
by Krause and Hartley simultaneously, of exsection of the Gasserian 
ganglion within the Bkull> may be performed. This operation is car- 
ried out by making a horseshoe-shaped incision through the skin, 
periosteum, and temporal and parietal bones, and laying down a flap 
which should be at least four inches in diameter, the base being half 
an inch above the base of the skull. The dura is not incised, but with 
the brain is then carefully lifted away ftxim the base of the skull. Tlie 
point of exit of the fifth nerve is determined, great care being taken 
to avoid injuring tlie optic and oculomotor nerves ; the free branches 
of the nerve are seiz^, the Gasserian ganglion is pulled outward 
through the dura, and the trunk of the nerve divided behind the gan- 
glion. Traction on the nerves is made and they are divided as far as 
possible from the ganglion, which is thus removed witli a half-inch of 
the nerves. The result of this operation is to deprive the face entirely 
of sensation, and the operation is always followed by a permanent con- 
dition of tingling and numbness, with ansesthesia of the face, and loss 
of taste on one side of the tongue ; but it usually gives permanent 
relief from the neuralgia. The agonizing pain is so great that these 
patients are willing to submit to any operation that promises a cure. 
I have seen a large number of permanent cures in patients of my own 
upon whom Hartley has performed this operation, and Keen, Krause, 

* Patrick. Jour. Amer. Med. Assoc., Nov. 9, 1907, ^ves references and technique. 
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Horsley and others have published many <'asc8 of cure. RinHuitly, 
Fnizor and Keen have obtained good results by dividing the central 
end of the nerve just behind the Gasserian ganglion, without removing 
the ganglion. 

Oervico-occipital Neuralgia. — Neumlgia of the jwsterior branches 
of the cervical plexus and especially of the groat occipital nerve, whi«di 
passes up the back of the necsk and over the back of head to the 
vertex, is occasionally met with, though it is by no means as common 
as trigeminal neuralgia. Pain is felt along the course of the nerves in 
the neck, but particularly below the occiput and in the vertex. There 
are painful spots near the exit of the nerve at the base of the skull, 
over the occiput, and upon the vertex. The scalp is very likely to l)e 
tender when the pain is intense. Frequently the pain is bilatenil, an<l 
very often is continuous ratlicr than paroxysmal, though sharp attacks 
of pain may follow any motion of the head. The {>atients usually hohl 
the head in a fixed position to avoid the pain prodiux^l by movement. 
Sometimes a swelling of the eervical glands accompanies the neuralgia. 
In one case reported by Johnson, the superior ganglion and its cord 
were fixed by adhesions which were fr^ by operation, after which 
the patient was relieved of the neuralgia. Occasionally an attacik of 
trigeminal neuralgia is associated with the cervical neuralgia. This 
may be due to the central radiation of irritation, which is erroneously 
referred, or it may be due to a common cause pro«lucing both affec- 
tions. The characteristics of the disease arc similar to those of trigem- 
inal neuralgia and the treatment is that of neuralgia in general. In 
one very obstinate case under my care, McBurney divided the gnat 
occipital nerve at its exit from the muscle. This had only a tem|)o- 
raiy effect and it was several months before a spontaneoas recovery 
ensued. 

Brachial Neuralgia. — The various nerves of the brachial plexus 
are occasionally the scat of neuralgia. The pain may be felt chiefly in 
and about the plexus in the neck, but usually shoots outward into the 
branches down the arm and into the forearm and hand. There are 
painful points where the nerves are superficial and can bo easily com- 
pressed against tlie bones. Thus in the axilla, over the circumflex, 
near the deltoid, over the mnsculospiral us it curves about the humcnis, 
over the ulnar at the elbow, and over the nerves at the wrist, pressure 
causes pain. The pain is made worse by any movements of the arm, 
and tlie patient instinctively keeps it quiet. The pain is usually worse 
at night,*probably because of pressure exerted during sle<;p, and hence 
sleep is often interfered with. There is often much liyperscnsitivencss 
of the skin and a burning pain, which Weir Mitchell has namc<l “caus- 
algia.” Herpes zoster is a frequent complicating symptom, and the 
position of the vesicles corresponds exactly with the distribution of the 
cutaneous branches of the nerves. Glossy skin and trophic changes in 
the nails app^ir only when a true neuritis has developed. 

Intercostal Neuralgia. — While the intercostal nerves from their 
protected situation are usually exempt from injuries and wounds, ex- 
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cepting in cases of stab wounds of the back or chest, they are fre- 
quently the seat of neuralgia. The neuralgic pain is sharp and shoot- 
ing around the side of the chest and is often felt chiefly in the terminal 
fllamcnts of the nerve in front or at its middle branch in the line of 
the axilla. At these two points of exit of the branches and also at the 
point of exit of the posterior branch near to the spine, points of tender- 
ness are usually present. If the upper dorsal nerves are affecUnl the 
pain may also be felt in the inner side of the arm and may be attended 
by tachycardia. The pjiin is increased by breathing, by coughing, or by 
any movement of the chest. A dull, aching, pressing pain is ielt be- 
tween the attacks, and patients usually like to 8up{x)rt the side and 
compress it. Others cannot endure the touch of their clothing. In- 
tenx)stal neuralgia is very often followed by an attack of herpes zoster. 
The cases of Kaposi have proved that when herpes occurs Ae disease 
is sometimes due to a hemorrhage within the posterior spinal ganglion 
of the nerve affected. In other cases, a parenchymatous and intersti- 
tial neuritis have been found. The herpes may precede the neuralgia 
and the latter — especially in old people — may persist long after the 
eruption has subsided. 

Any of the ordinary causes of neuralgia may produce intercostal 
neuralgia. Intercostal neuralgia is frequently due to a secondary im- 
plication of the nerve from disease, either in the bones of the spine or 
chest, or in infectious conditions of the pleura. Thus empyema is 
occasionally complicated by intercostal neuralgia. It has occurred 
from pressure by aneurisms. Its relative frequency in women suggests 
tliat the same causes that produce mastodynia (g. ®.), a variety of 
intercostal neuralgia, may also cause the disease. 

Diagnosis. — The diagnosis of intercostal neuralgia is made from the 
exceeding sharp, shooting character of the pain, and by the existence 
of painful points upon the chest at the exit of the nerves. It may 
suggest angina pectoris when tachycardia occurs, but the course of the 
two diseases differs so widely that a diagnosis is easily reached. 

Pleurodynia, which is a muscular rheumatism of the intercostal mus- 
cles, produces a somewhat similar pain, increased by respiration ; but 
in this case the tenderness is not felt especially at the point of exit of 
the nerve. In pleurisy the pain is less exactly limited in its distribu- 
tion, and the physical signs- of the disease enable a diagnosis to be 
reached. The fact that disease of the viscera may give rise to pain in 
the chest, as described in the section on referred pains, is not to be 
forgotten (see page 741). 

Treatment. — ^The treatment is by local applications along the course 
of the nerve ; blisters or the actual cautery over the exit of the spinal 
branches, and special measures such as are described in the treatment 
of neuralgia in general. Edinger recommends a spray of ohlormthyl. 
For tlie relief of the herpes, applications of oxide of zinc ointment 
may be made, pr the herpetic vesicles may be painted with collodion, 
to which a small amount (1 per cent.) of carbolic acid or thymol has 
been added. Care should be taken to avoid any septic infection of 
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the ex|)osed skin when the vesicles have mptuml. In old persons 
opiates sliould be very carefully given. 

Netiralgiaof the Breast — Mastodynia. — This form of ncuRilgia 
is very rare and occurs chiefly in women. It may develop during 
pregnancy and is especially frequent during the last wet^ks. It oecsa- 
sionally occurs during lactation and may be so severe as to interfere 
gre.'itly with nursing. It sometimes develops in women during the 
menstrual period, or in the course of uterine or ovarian dise.a8e. In 
one of my eases the attacks lasted three days at (xich moutldy period 
, for severd years, requiring the use of morphine at the time. It also 
o<jeurs as a direct result of carcinoma and other tumors of the breast ; 
but occasionally it occurs as a result of auasmic or neurasthenic states 
without concurrent aflection of the genitiil organs. In fact, any one 
of the general causes of neuralgia may be capable of pnaluciug 
mastodynia. 

The pain is usually located deep in the gland, is very severe, and 
occurs in paroxysms, but tliere is usually a dull, heavy feeling or 
aching ])ain all ^e time. Sometimes tlie pain is 8U{X!rflcial, and the 
skin of the breast, especially about tlie nipple, is exquisitely sensitive ; 
the nipple may be congested and the entire breast red and swollen. 
Erb has seen a case in which the pain excited the function of the 
gland. There are tender points along the spinous processes of the 
second to the sixth dorsal vertebrse. The course of the case is a slow 
one. Sometimes the pain persists in spite of treatment until preg- 
nancy is over, or until lactation ceases. 

In addition to general measures of treatment for neuralgia alr(!a<ly 
described, some relief attends the adjustment of a support to the breast, 
or a firm bandage to the breast. Local applications of cociiine in 4 
per cent, solution to the nipple sometimes quiets the pain. Ointment 
of belladonna and aconite or evaporating solution of lead and opium 
may be of benefit. Nageli has afforded relief by stretching the nerve, 
the entire breast being firmly gnisped in both liands and slowly but 
steadily lifted for twenty or tliirty seconds several times a day. Tliis 
is a simple metho<l which should be tried in every case. 

Ltunbo-abdominal Neuralgia. — The lower dorsal nerves and the 
lumbar nerves send branches over the back and abdomen. These 
branches are occasionally the seat of neuralgia, which resembles inter- 
costal neuralgia, to which it is strictly homologous. The psiin shoots 
about tbp side of the body and is at times intense and often burning 
in character. There are tender points at the posterior, lateral, and 
anterior exits of the branches of the nerves. Neuralgia in this locality 
is especially likely to be attended by herpes. I have seen a case in 
which abdominal neuralgia followed intercostal neuralgia, both being 
attended by herpes. In this case, as in many others, the course of the 
case wqs slow, ^e pain lasting several weeks, and resisting all forms 
of treatment. The patient was a middle-aged woman, tlie subject of 
chronic arterial changes and cirrhosis of kidneys. The pain in 
lumbo-abdominal neuralgia is often dull and continuous. It fre- 
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quently extends downward into the groin and is felt in the penis or 
labium, on which parts herpes appears. This condition is not to be 
confounded with neuralgia of the testicles and ovaries, which is an 
affliction of the sympathetic system supplying these organs. 

There are no 8})ecial therapeutic indications in this form of neuralgia. 

Orural Neuralgia. — The anterior crural nerve, which extends 
down the inner surface of the thigh and leg and reaches the ankle, is 
occasionally the seat of neuralgia. The condition may develop in 
the course of sciatica. It is more common in men than in women, 
and usually develops after hard muscular work or long marches, 
exposure to cold, op injuries. It is to be remembered that {)ain in this 
nerve is often the first sign of caries of the spine. It is said that in 
diabetes crural neuralgia and sciatica are the most frequent forms of 
neuralgia produced. The most obstinate case of the disease which I 
have seen was in a diabetic patient. Painful points are found in the 
inguinal canal, on the front of the thigh, on the inner side of the knee, 
and on the inner malleolus. Herpes frequently appears. This form 
is not to be noistaken for the reflex pain often fdt by women at tlie 
menstrual period or with ovarian disease in this locality. The treat- 
ment is the same as that for sciatica. 

Painftil Knee. — HafPa* has called attention to the causes of pain 
in the knee not due to crural neuralgia. They are (1) arthritic muscu- 
lar atrophy. Inactivity of the hip joint or knee joint from any cause 
may lead to an atrophy of the quadriceps femoris. This muscle holds 
the capsule of the knee joint tense and if it is relaxed the capsule may 
get between the patella and the condyle of the femur or between the 
condyles of femur and '-tibia, causing pain on walking. It is to be 
cure<l by rest in bed with massage of the muscle and its constant exer- 
cise by electricity till the atrophy is removed. (2) A second cause of 
pain in the knee is the dislocation of a meniscus in the joint. This 
follows slight injuries and causes a sudden pain and a flexion of the 
leg with rotation away from the injured meniscus, the hard edge of 
which can be felt and is tender. This needs operative treatment. (3) 
A third condition causing a painful knee is a mass of fat in the joint 
iHjtwecn die condyles growing from a papilla in the capsule. This 
causes a swelling and must .be removed. 

Sciatica. — l^iatica is neuralgia of the sciatic nerve. It is a very 
conunon affection, more frequently met with in males than in females, 
and in adults than in persons under the age of twenty years. , Persons 
between the age of forty and fifty years are most liable to the disease. 

Etiology. — Grout aud rheumatism are the chief causes of sciatica. 
It can often be directly traced to exposure to cold. It is particularly 
frequent in diabetic patients. It may follow any of the infectious 
diseases or may be due to alcoholism. The poisonous agents which 
cause multiple neuritis may cause sciatica. IHrect pressure upon tlie 
sciatic nerve 'by sitting in an uneasy position or in hard chairs with . 
sharp edges, or pressure exerted from causes acting vrithin the pelvis, 

* Berliner klin. Wochen., 1904 ; Noe. 1 and 2. 
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such as accumulations within the rectum, pelvic inflammation, or 
tumors of the uterus or ovaries, or the condition of pregnancy may 
cause sciatica. Disease of the sacral or thigh bones may prcKhn!e 8<‘i- 
atica. In one case under my care a long shuiding sciatica was finally 
explained by the development of an osteositrcoma of the pelvis. In- 
juries are a frequent cause of sciatica, as in falls upon the buttocks and 
fractures of the thigh. Lilting heavy weights has brought on sciatica. 
Workers who stand or move the legs at machines arif jMirticnlarly 
liable. Tlie sciatic nerve is well supplied wth bloodvessels, and it is 
possible that a venous congestion from pressure is an exciting cause 
of disturbance of function in the nerve in these coses. Sciatica often 
follows hemorrhoids and varicose veins in tlie leg. It is diflicult to 
separate sharply sciatica from sciatic neuritis, and in many cas(>s where 
the disease lasts a considerable length of time, it is reasonable to 
suppose that a neuritis is present. In fact, in all the cases in which 
an autopsy lias been obtained, an interstitial neuritis with congestion 
of the vessels, hemorrhages in the sheath, and secondary degenerations 
in the nerve fibers have lieen found. Many cast>s are so short in their 
duration, the symptoms are so distinctly intermittent, and the cessation 
of the pain is so instantaneous either upon change of position or upon 
local applications, as to make it improbable that a true neuritis has 
developed. 

Symptoms. — The symptoms of sciatica arc pain in the back of the 
tliigh and in the outer side of the leg, referred quite distinctly to the 
course of the nerve. Sometimes when the upper branches of the nerve 
are involved pain is felt over the sacrum and buttock as high us the 
waist line. In other esases these branches escape. Usually the |«iin 
is most intense about the staatic notch and down the lumk of the thigh 
to tlie kuec. Sometimes it is limited to the lower branches of the 
nerve upon the outer side of the leg to the foot. 

In the severer type of case tlie entire distribution of the nerve is the 
seat of pain. The pain is not as diffuse as in muscular rheumatism, 
and when the jiatient is asked to indicate its position he follows down 
with tlie tips of his fingers the line of the nerve from its exit in the 
sciatic notch to the external condyle of the ankle. The pain occurs 
in paroxysms and may be agonizing in its intensity ; is usually in- 
creased by movement, by walking, especially by going up stairs, and 
can always be elicited by hyperextension of the leg uisin the thigh and 
of the tUgh upon the pelvis — a position which stretehes tlie sciatic 
nerve. It is attended by tenderness at those points where the nerve 
can easily be compressed between the fingers and a prominent portion 
of the bone, namely, above the hip-joint near the posterior iliac spine, 
at the sciatic notch, at the middle of the thigh, behind the knee, liclow 
the head of the fibula, behind the external condyle of the ankle, and 
on the back of the foot. The pain is usually dull in character and 
constantly present, but there are acute exacerbations and these are 
often attended by sensations of burning or feeling as if water were 
trickling along ^e limb, or sharp, darting pains through the Icngtii 
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of the nerve. The pain is a deep-seated one and is referred to the 
muscles or the bone, never to the skin. It may be increased by ex- 
tension of the leg and thigh together. It is also increased by aMaction 
against resistance of the unaffccted thigh (Bonnet’s sigh) and by flexion 
against resistance of the unaffected thigh (Martin’s sign). Pains are 
usually worse at night, when the patient gets warm in b^, though, as 
a rule, warmth to the limb is grateful and the patients instinctively 
avoid exposure to cold. 

The gait is affected in sciatica, the patient limping and moving the 
entire limb stiffly. The toe is tume<l out, the leg is slightly abducted, 
and the patient instinctively rotates the spine to the well side. In ex- 
treme cases there may develop a tendency to lateral curvature of the 
spine away from the affected side. In the more intense cases the 
patient is confined to the bed by tlie pain, cannot bear his weight upon 
the limb, cannot bear to have it moved, and finds it easy only in one 
position, which varies in different cases. The leg is usually abducted, 
rotated outward, and flexed at the knee. It is Iwst to allow the patient 
to ascertain the position in which he is most comfortable and to keep 
the limb in tliat position supported by pillows. The pain may be so 
intense as to cause reflex spsisms and twitchings of the leg, and is very 
commonly associated with tingling and numbness in the leg, or by 
sensations of pins and needles, the foot being asleep constantly. When 
the sciatica goes on to a neuritis, anaesthesia may develop in the -outer 
side of the 1(^ below the knee and in the back of the foot, and the 
muscles of the calf of the leg may be weak or even paralyzed and 
atrophied, showing a reaction of degeneration. 

The course of the disease varies very much in different cases. There is 
sometimes a sudden, acute'onset which in cases due to exposure to cold or 
to rheumatism, or to gout, is often attended by a slight rise of tempera- 
ture and constitutional disturbances. Usually the onset is gradual. Pain 
occurs in paroxysms, which become more and more frequent and severe 
during several days, and by the end of a week the pain has become con- 
tinuous. In bad cases the patient limps or is unable to walk. This con- 
dition may remain for several weeks or may subside gradually. Recovery 
ensues within tliree or four weeks, though in many cases months pass 
before the patient is free from pain. There is a great tendency to relapse 
in cases of sciatica. I have rarely known a patient to escape a second 
and third attack. Even when recovery has ensued, pain can be pro- 
duced by the slightest tendency to overstretch the nerve, or by too great 
exertion iki walking. I have never seen a bilateral sciatica,' though a 
number of cases are recorded. Even in the chronic cases improvement 
after a time occurs, but where a neuritis has been set up the pain is re- 
mittent rather than intermittent. In the cases which are due to pressure 
within the pelvis the pain is more likely to be in fhe periphery of the 
nerve and its terminal distribution than in the trunk upon the thigh. 
In the cases where neuritis is present there is usually tenderness along the 
entire course of the nerve, as well as at the painfiil points of Valleix. 

Herpes is a common complicatiou of sciatica. It is sometimes very 
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extensive over the back of the thigh and on the buttocks The her- 
petic vesicles may become large and confluent, so that the afiection of 
the skin may give as much discomfort as the pain. In this condition 
the skin should be protected by applications of oxide of zinc ointment 
and bandaging with cotton-wool. 

French authors have called attention to the characteristic position of 
the limb in standing and in walking, which is characteristic of sciatica 
and serves to distinguish it from muscular rheumatism, or from hip- 
joint disease.' In sciatica the thigh is somewhat adducted, the fold 
of the buttock is depressed, and the knee is slightly flexed, even when 
standing in an upright position. The entire spine is somewhat de- 
flected with convexity to the aifccted side. This is due to an instinc- 
tive effort to support the weight on the well limb. There is some- 
times a slight wasting of the muscles in tlie limb. 

Diagnosis. — The diagnosis of sciatica is usually evident from the 
characteristic symptoms, but it has been mistaken for dismse of tlie 
hip-joint, for caries of the sacrum, and for lesions in the cauda equina. 
In hip-joint disease the pain is usually felt first in the inner side of the 
knee. It is not associated with tenderness along the course of the 
sciatic nerve, though pain may be felt all about the hip-joint. There 
is usually a limitation of the motion of the joint and possibly some 
shortening of the thigh, and a characteristic rigid position of adduc- 
tion with slight rotation is found in hip-joint disease. In caries of the 
sacrum, while the pain may be felt in tlie sciatic nerve, there are usually 
symptoms of tenderness along the sacrum, tenderness in the motion of 
the pelvic bones upon the sacrum, and the pain is less unilateral titan 
in sciaticai A rheumatic affection of the sacro-iliac tendons and liga- 
ments does not produce pain below the exit of tlie sciatic nerve in the 
thigh. In muscular rheumatism the pains are diffused and are not 
located exactly in the course of the sciatic nerve. 

In affections of the cauda equina, meningeal thickening, hemor- 
rhages or tumors, the symptoms are rarely, if ever, unilateral in 
character. Considerable pain is usually felt over the sacrum, and 
incontinence of urine and feces, with anaesthesia about the rectum, are 
early symptoms which are not present in sciatica. 

Locomotor ataxia very often produces severe pains in the course of 
the sciatic nerve, and although the earliest sign of this disease is more 
often pain in the distribution of the crural nerve, sciatica may be its first 
symptom. In every case of sciatica, therefore, the knee-jerk should 
be teste(^ and the pupil be carefully observed to detect any lack of 
reaction to light; these reflexes are not affected in sciatica. Anaesthetic 
areas should be sought for, as these are not present in true sciatica, 
but develop early in locomotor ataxia. 

Prognosis. — The prognosis in sciatica is fairly good as regards 
eventual recovery, but no statement can be made with regard to the 
duration of any particular attack, for although the duration of each 

> See also H. Ehret. Mittheilungen ans der Qrenzgebiet der Med. u. CSiinirg., 1898, 
p, 695. 
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attack is somewhat in proportion to the severity of the symptoms, 
relapses are so common that statements in regard to duration are 
never precise. I have known cases to last two or three years and 
then recover. 

Hyde has given some interesting facts in his analysis of 200 cases 
which may be quoted here. The duration was less than one month in 
45 cases; from one to three months in 70 cases; from three to six 
months in 29 cases; from six to twelve months in 29 cases; two years 
in 15 cases; three years in 6 cases; four years in 1 case; five years in 
2 eases, and six, seven, and ten years in one case each. Forty-three 
of Hyde’s cases had had previous attacks. 

Treatment. — In addition to the general statements with regard to 
the treatment of neuralgia, all of which may be applied to sciatica, a 
few special indications may be given. The cause must be removed 
if possible. In all cases active purgatives must be given at the outset. 
In cases due to cold or rheumatism salicylates and salophen are of the 
greatest service. Salophen or aspirin may be given in 15-grain doses 
every two hours. Absolute rest of the limb is most important, and 
the patient should be advised to remaiu upon the bed or eouch, even 
from the beginning of the disease, being allowed to assume the position 
which gives the greatest comfort, as this varies in different individuals. 
All positions and all movements wliich intensify the pain should be 
avoided. I have not seen any benefit from fixation of tlie limb, either 
by a long splint, as has been recommended by Hammond, or in a plas- 
ter bandage as has been suggested by others. Hot applications are of 
the greatest service both in tlie acute and chronic stage of the disease. 
The old-fashioned remedy of ironing the limb with a hot iron is of dis- 
tinct service. The application of flaxseed poultices is of benefit in the 
acute stage, but the most eiflcacious remedy is the application of the 
Paquelin cautery along the course of the nerve. This sliould be ap- 
plied daily from the very beginning of the disease. Or small fly blis- 
ters should be applied at the points of tenderness along the trunk, and 
should be repeated every other day. If the cantharides is applied by 
means of colhxlium the blisters need not be more than one-quarter of 
an inch in diameter, and as many as twenty may be placcfl in the 
course of the nerve. 

A very eiflcacious method of the treatment of sciatica is exposure of 
tlie limb to very high temperature in an apparatus in which hot air 
can be produced. Thus the temperature of the air may be raised to 
250° or 300° F., the limb being encased in tlie apparatus. And such 
applications may be repeated twenty minutes in duration daily. 

It oilen gives much relief to expose the limb to a stream of steam 
along die course of the sciatic nerve. Hot-water massage is also of a 
great deal of service, such as is applied at Wildbad, Ragatz, and Bath, at 
Aix-les-Bains and at the Hot Springs of Virginia, the stream of water 
under pressure from twenty to thirty, or even forty pounds, being 
directed upon*the limb, tlie painful points along the nerve being pro- 
tected by the hand. Long-continu^ hot sitz baths are often of ser- 
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vice and give the psitieuts relief*. Richfield Springs has a gooil repu- 
tation in the treatment of sciatica, and I have known patients to 
recover after a course of sulphur baths there. Maa.sage of the limb is 
sometimes of service if it is done with great skill and pressure is but 
lightly exerted upon the nerve trunk. Mud or sand baths heat«!d to 
100° F. are of great serviw. A spray of chloride of ethyl which 
causes local freezing sometimes gives immediate relief. IlyiMMlermie 
injections into the nerve have been practised and recommendwl. 
Hypotlermically an injection of chloroform, of a 2 per cent, solution 
of cocaine, or of a 1 per cent, solution of atropine, or simply of dis- 
tilled water, may be given. Good results have been obtiiineil by hypo- 
dermic injections of normal salt solution at a freezing tempemUire, ;j2° 
F., not injected into the nerve but into the thigh near the nerve trunk, 
5 C.C. being used daily. Osmic acid solutions arc (hingcrous. In 
a few cases where the nerve has been felt to be much swollen puncture 
by a needle has resulted in the evacuation of serum from the sheath, 
and has given relief. Long needles are to be used under strict asi’ptic 
precautions. They are to be inserted and left in an hour, the limb 
being kept immovable during this time. Liniments and ointments 
containing belladonna or aconite may be rubbed in along the course of 
the nerve, and are sometimes of benefit. The general medicinal treat- 
ment by internal remedies may be conducted along the line alrciuly 
descril)ed in the treatment of neuralgia. Electricity I liave never 
found of much service, but long-continued applications of giilvatiisin 
of very mild strength (five or six milliamp5rcs) from large sponges 
may be tried. 

In chronic cases where all other means have failed to relieve it hiis 
been propose<i to stretch the nerve, and this is probably of servicjc in 
csises where an interstitial neuritis hiis produced adhesions l)ctwe(;n the 
adjacent bundles of nerve fibres and constriction of the bloisl-vessels. 
A nerve may be stretehetl by using hyperextension of the leg, a pro- 
ceeding which hiis to be done under chloroform, as it is very piiinful. 
Or the nerve may lie stretehed by cutting down U[Km it just below its 
exit in the sciatic notch, dividing the sheath and stretching it with the 
fingers. Some eases have been reported of improvement after this 
proisedure. I have seen one cure in a vtiry obstinsite ease. I laive 
seen several failures. Other cases have been reported in which nerve 
stretching has been followeil by paralysis in the musfjles supplied by 
the affected nerve. It should only be resorted to after every other 
means has been tried, and no positive promise of ndief should be 
given. 

Neuralgia of the Testicles or Ovaries. — Neuralgia in these organs 
is usually the result of some congestion of die veins due to organic 
disease or to pressure. But occasionally it may be due to some one 
of the general causes of neuralgia already mentioned. The pain is 
very intense and most demoralizing. It causes great restlessness and 
much mental depression. It is occasionally attended by sexual excite- 
ment. Neuralgia of the ovaries may coincide with the menstrual 
function. 
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The treatment is first directed to reducing local congestion. This 
may be done by elevating the pelvis and letting gravitation empty the 
veins. Applications of heat, especially hot poultices to the testes, and 
hot vaginal douches or rectal injections, to be taken in a recumbent 
position, are usually of great service. Resort may be had to the 
stronger narcotics early, as it is better to cut an attack short than to 
allow it to go on. And attention to general measures for building up 
the health must not be omitted. 

Neuralgia of the perineum, of the prostate gland, and of the neck 
of the bladder in males, and neuralgia of the rectum in both sexes, is 
occasionally complained of. If no local disease is present and the 
affection is not traceable to lithmmia or to hemorrhoids, it is probably 
caused by local congestion. Massage of the perineum, the pelvis being 
raised, will give relief, or hot applications to the perineum may be 
effe<!tivc. If these fail, massage of the prostate through the rectum, 
or stripping the seminal vesicles may do good. A continuous irriga- 
tion of the rectum with hot water by means of the double tube devised 
by Keyes is of much service in these cases. Sitz baths, either hot or 
cold, are of value. As in neuralgia of the genital organs prompt 
relief must be given by narcotics to avoid a state of mental depression. 
I have found an ointment or suppository of cocaine and hyoscyamus 
of great service. Weir Mitchell has seen this form of neuralgia as an 
early sign of tabes, an observation which I can confirm, liaving seen 
two such cases. I have also known it to occur in lithsemic individuals 
and in persons whose circulation was poor, after sexual excitement, 
both of a natural and of an unnatural kind. 

Coccygodynia. — Neuralgia of the coccygeal nerves is an exceed- 
ingly rare affection. But pain in the tip of the spine is very common, 
and has received the name of coccygodynia. It nuiy be a local affec- 
tion, due to injuries, especially in women after confinement ; to falls 
on the seat or to caries of the spinal bone. It is usually in my opinion 
a referred pain of central origin, and may develop in very many func- 
tional or organic diseases of the nervous system. In neurasthenic, 
hysterical and ansemic {>crsons, chiefly in women, it is a frequent com- 
plaint. It may be associated with pain in the nape of the neck or 
between the shoulders, with irritable spiue, or with any hysterical state. 
It is a very common complaint in cases of traumatic neurosis. In the 
majority of cases it is a purely hysterical symptom, and is increased by 
any locd treatment or by anything which directs attention jo it. In 
sevemi such cases where gynecologists have exsected the coccyx the 
pain has persisted after the operation. As the hysteria or neurasthenia 
passes off the pain is foi^tten. Hence it should never be treated 
directly, but only as a symptom of a general condition. In. the few 
cases which are true neuralgia the same treatment as that of sciatica 
will be appliiiable. 
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BEFEBBED PAINS. 

There are a great many eonditions of disease in which nmro or loss 
severe pmu is felt in various parts of the bo<ly at a distaiK« ftoin a dis- 
eased organ. The explanation for the referring of those jwins to a 
part of the body which is resdly not affected is sis follows : 

The brancluis of the visceral nerves and of the gcmoral sympathetic 
nervous system enter the spinal cord at various hovels throughout its 
entire length. Irritation sent into the spinal cord through these nerves 
set up sensory impulses in the various segments of the coni, ciieh seg- 
ment receiving impulses from a certain organ. Theses sssnsory impulses 
are sent upward to the brain, and iHHiome constMous jHin^ptious. 
They are referred by consciousness not to their actual point of origin, 
but to the part of the bcxly from which scnsiitions usually come when 
received at the particular segment irritated. Thus, as in gtaiend ex- 
perience, sensations and piins coming from the various st^gments of 
the spinal cord have been due to irritation in the surface of the body 
corresponding to these segments ; these various visceral scaisations are 
referred to the surface of the body. Some examples of such referred 
pains will make this matter clearer. 

It is not at all uncommon in eyestrain to have a pain felt in the fore- 
head or in the back of the neck, neither of which parts is iu dii-ect 
connection with the eye. 

The pain produccid by decay<!d teeth may lx; felt in the temple 
or behind the car, instead of iu tlie jaw. 

Severe pain in the back of the hciid is a common symptom of uterine 
disease or of inflammation of the bladder. 

Pain down the left arm is a common symptom of heart discnisc, and 
may be attended by hypersesthesia in the region of the fourth and fifth 
dorsal nerves on the chest. 

Pain in the wrist on the flexor surface is frtajueutly felt in disuisc 
of the uterus, ovaries, or bladder. 

Pain under the right shoulder-blade is frequently felt in disciisc of 
the liver, and is often attended by hy|)era!sthcsia iu the domain of the 
eighth to the twelfth dorsal nerve. 

Pain under the left shoulder-blade is common in enlargement of the 
spleen. 

Pain between the shoulder-blades is a very common symptom of 
gastric affections of any kind. It may l)e attended by hyjMinesthesia 
in the ej^ligastrio region, and the nearer the disease to the cardiac end 
of the stomach — e. g., ulcer — the higher the pain is felt. In severe 
vomiting pain may be felt on the back of the arms or even down the 
back of tlie forearms. 

Pain across the small of the back is common in colitis or in impac- 
tion of feces within the colon. 

Pain across the upper sacral r^ion is very common in uterine 
disease. 



742 


NEURALGIA. 


Pain over the outer side of the hip is usually due to ovarian con- 
gestion. 

Pain down the inner side of the leg is also due to the same cause. 


Fra. 287. 



The location of rofurred pains and their cause. ( Dana. ) 


Area. CerebriMpinal AetocMtd gmiglia cf 

ttenteg. JXetritiution, iympathetic. Dlatribution. 

I, Trigeminus, facial. Face and anterior scalp. 4 cerebral. Uead. 

//. Upper 4 cervical. Occiput, neck, let cervical. Head, oar. 

III. Lower 4 cervical Upiicr extremity. 2d and .Id cervical, 1st Heart. 

and let dorsal. dorsal. 

1 r. Upper 6 dorsal. Thorax. Ist to 6th dorsal. Lungs. 

V. Lower 6 dorsal. Abdomen, upper lum- 6th to 12th dorsal. Viscera of abdomen and 

bar. _ testes. 

VI. 12th dorsal and 4 Lumhar region, upper Ist to 6th lumbar. Pelvic organs, 

lumbar. gluteal, anterior and 

Inner thigh and knee. 

VII. 6th lumbar and 5 Lower gluM, posterior 1st to 5th sacral. Pelvic orgaLs and legs., 

sacral thigh and leg. 

Pain on the inner side of the knee is an early symptom of hip-joint 
disease. 

Pain in the heel is a frequent symptom in lithsemia, and may also 
be felt in ovarian disease. 

Dana‘ has studied the location of these reflex or referred pains 

‘New York Medical Journal, July 23, 1887. 
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very carefully, and his figures (Fig 287), which are here reproduced, 
demoustrate the areas of pain of sympatlictic origin. 

Head * and Mackenzie * have added a few facts to Dana’s statements. 
Head has called attention to the fact that when a viscus is discascil 
there may be detected by examination with a sharp instrument an area 
of hyperalgesia on the skin of the back and abdomen, each viscus 


Fio. m 



The general location and outline of the /.ones of ciitanerma hyperalKceia for mime of the abdominal 
viscera. Anterior view The niaxima are deeply shaded. Only the lea half of the gastric zone Is 
given. The ureteral zone consists of a series of uiaxliiia (diagnuniiiatic). (ICIsberg and Neuhof. ) 

having its particular area. Figs. 288 and 289 show the areas related 
to the various vi.s<!era, as recently determined by Elsberg and Neuhof,® 
whose results confirm Head’s statements. 

There is hartlly any viscus in which disease may not give rise to 
gome of' these refernid pains, and it is evident that without some 
knowledge of the localities of these referred pains the presence of such 
pain might mislead the physician. I have laid many piticnts bnmght 
to me for supposed spinal disease because of pain in the dorsal region 
and tenderness of the dorsal spine, with pain in the epigastrium, gen- 
eral weakness and neurasthenic conditions, and increased knee-jerks, 
who have been relieved by the correction of a chronic gastric dyspepsia. 

‘Brain, 189.% 1894, 1896. ‘Brain, 1902. 

'Amer. Jonr. Med. Sci., Nov., 1908. 
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It is evident that in these referred pains the treatment must be 
directed to relief of the functional or oi^nic disease in tlie viscus 
which is affected. It may be added that not Infrequently sharp counter- 

Fio. 289. 



The general location and ontllne of the poatcrior parti of the zonei (diagrammatic). 

irritation over the seat of pain is followed not only by relief of the pain, 
but also by improvement in the visceral condition which is its cause. 

It is also to be remembered that aneurism of the aorta and tumprs 
of tlie thorax or abdomen often cause pain referred to the thorax or 
abdomen at a distance from the origin of the pain. 



CHAPTER XLTI. 

MIGBAINE. 

Mioraine, hemicrania, or sick headache, is a functional neurosis 
characterized by sudden attacks of intense pain in one side of the 
head, often precetled by evidence of irritation of various functions of 
the brain and followed by digestive disturbances. 

Etiology. — Heredity plays an important part in the development 
of this disease. In almost all cases the history can l>e obtained of a 
similar affection in some near mcmlHir of the family. The diseases 
develops at an early age. Infants are rarely affected, but children 
of tlie age of seven or eight may develop it, and as a rule it remains 
as a chronic condition throughout life. If the disease; does not develop 
in childhood, it commonly develops at puberty. There are no known 
predisposing factors to this disease, and it appears to be due to a con- 
genital defect in the chemistry of nutrition, rather than to any extra- 
neous cause. In-door occupations, or a sedentary life, tend to intirease 
the liability in a person pr^ispos^, and it is a well-known fact that 
tliost; who work in the open air, or are engaged in occujtations involv- 
ing considerable vigorous exercise, are never affected. The active 
cause of the attack is undoubtcKlly a sudden development in tlie sys- 
tem of a poison. This poison at first produces an excitement and 
stimulation of the brain causing a sense of well-being, of increased 
capacity and of exhilaration. This is soon followed by a sewndary 
and more lasting effect of pain and suspension of Uie cerebral func- 
tions, and, finally, there is an elimination of the })oison through the 
stomach, intestines, or kidneys, and a return to a normal state of 
health. The nature of this ptnson is still undetermined. Some have 
eonsidered it uric acid ; others have thought it was a leukonuiin ; others 
have considered it xanthin. Although the manifestations are chiefly 
in the domain of the nervous system, it is generally admitted that this 
disease is one of nutrition. In some cases it has l^n thought that an 
insufficiency of the ocular muscles has been the cause of the affection ; 
an insufficiency of the intemi resulting in a constant strain when con- 
vergence in reading is necessary, and an insufficiency of the extern! 
leading to a strain when distant vision is practiced. On this theory 
attempts have been made to cure the disease by the use of prisms, by 
division of the ocular muscles, or by the use, in the case of insuffi- 
ciency of the interni, of strychnin, and in insufficiency of the extern!, 
of cannibis indica. While it is possible that irritation from the eyes 
may act as an excitant of the nervous system, and then make it more 
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liable to be affected by the poison of the disease, it seems improbable 
that these causes are sul&cicnt to produce the affection. 

There are some who believe that migraine like epilepsy is a func- 
tiomd neurosis of the cerebral cortex and that tiie attacks are not of 
toxic origin. Gowers * relates cases in which the two diseases alternate 
— and other eases in which one has succeeded the other. He cites 
the manifest irritation of certain cortical areas at the onset of the attack, 
and the exhaustion of cortical activity at its conclusion as evidence. 
I am inclined to regard the cortical symptoms as secondaiy to the 
toxsemia. 

Symptoms. — An attack of migraine begins with a prodromal period 
of excitement in about one-half of the cases, and this period lasts 
several hours. During it tlie patients feel particularly well and active. 
They are bright mentally, happy, and slightly exhilarated, and are 
likely, during this period, to over-exert themselves, or over-tire them- 
selves, in whatever line of ocesupation they may be interested. The 
attack begins with a sudden, intense boring pain in the temple and at 
the back of the head, or over the entire side of the head, attended by 
a sense of complete prostration, inability to think, hypersensitiveness 
to sound, light, and touch, so that the patient prefers to lie in bed in a 
quiet, dark room, wishes to bo spoken to in whispers, and is annoyed 
if the bed be touched or shaken. There is also a hypersensitiveness 
to smell and taste. Appetite is wholly wanting, and nausea soon 
develops, which, as a rule, is followed by intense and frequent attacks 
of vomiting. The vomited material is first the contents of the stomfich, 
which are usually excessively acid, and then bile mixed with acid 
mucus. The vomiting causes intense prostration, a very wesik, rapid 
pulse, and very often pain between the shoulder blades and down the 
arms. Any f(K)d taken into tlie stomach is imme<liately rejected. 
Occasionally attacks of diarrhoea coincide with the vomiting. As a 
rule, very little urine is passed during the attack, and this is of high 
spticific gravity, dark in color, and is loaded with uric acid, skatol and 
phosphates. Xanthin atid leukomains have also been found in it. 
There is usujilly a very great increase in the excretion of phosphates. 
If the attack comes on in the daytime, the patient is immediately forced 
to go to bed by tlie intense pain and prostration. Many patients awake 
in the morning from a deep sleep suffering from an attack, and are 
unable to rise. The attack lasts from twelve to seventy-two hours. 
During the attack the patient, as a rule, feels cold, and heat is always 
agreeable, both to the head and to the Iwdy. In liie majority of casep 
there is a pallor of the surface. The nose and extremities are very 
cold and dry, though occasionally there is an acid perspiration making 
them cold and clammy. Occasionally the face is much flushed, espe- 
cially on the side of the pain. 

In some oases the attack is preceded, or ushered in, by the appear- 
ance of a bright spot or star on one side of both eyes of any color, or 

'Clinical lectures on the Borderland of Epilepsy. Migraine. Brit. Med. Jour., 
■Dec. 8, 1906. 
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flaahes of light, or zigzag lines. These arc true hallucinations of vision 
and they are not stopped by closing of the eyes ; as they are hemiopic 
in their distribution they indicate irritation of the opposite occn'pital 
lobe. They may be attended by temporary bliudneas which subsides 
with the pain ; such cases have been name<l ophthalmic migraine. In 
a few cases temporary paralysis of the third nerve lias been seen. 
Occasionally ringing in the cars, or tlie sound of liells, or the running 
of a tune in the head, precedes or accompanies an attack. Occasionally 
tingling and numbness of a disagreeable kind are felt in the side of the 
body opposite to the side of tlie pain. Occasionally attacks of aphasia 
occur before, or in connection with the attack, and the {latient is unable 
to express his desires and misplaces words and is reluctant to talk, 
although the power of talking is never suspended. Occasionally a 
sense of great mental confusion and inability to think is appreciated 
during an attack. Oppenheim has seen a case associated with vertigo 
and staggering gait which he considers of cerebellar origin. In the 
description of the aura in epilepsy (sec page 787) very similar sen- 
sations will be described as occurring in petit nial and as the first 
symptoms of grand mal. Here again therefore Gowers finds a proof 
of some relation between the two diseases. In epilepsy the aura is 
only momentary in duration, while in migraine these sensations remain 
for twenty minutes or longer. All these symptoms indicate distinctly 
an irritation of the ajrtex of the brain, one hemisphere only being 
afiected, namely, the hemisphere on the side on which jiain is fldt. 
For this reason, in some cases, it has been 8up|M^sed that there is a con- 
gestion of the hemispliere and in other cases an anaemia of the iicmis- 
phere, and on this theory ergot and nitroglycjc'rin have bf*en given, but 
are of little avail. During the attack of migraine tlie patient is ex- 
tremely somnolent and sleeps for several hours or even for two days, 
being however easily arouscsl. It is not uncommon for the patient to 
be slightly delirious when aroused from this sleep and to have no recol- 
lection of the delirium when the attack is over. The attack tcrminatc;s 
gradually as a rule, the pain passing off. A very large; flow of urine 
terminates it and in this urine an excess of uric acid, skatol, xanthin, 
or leukomains have been found. The patient fcxils much prostrated 
for a day or two and then returns to his or her normal state of health. 

' The attacks recur with varying frequency in different patients. Some 
women have these attacks uniformly once a month, coinciding with the 
period. Many have attacks as often as once in two weeks and th(;y 
ttjgy inerdaso in frequency until tlie patient has one every few days, 
making tlie life one of invalidism. The attacks usually subside about 
the age of fifty, and old people are rarely subject to them. In women 
they usually cease after the menopause, and I have known severe 
attacks to cease after ovariotomy. They often cease during pregnancy. 

Prognosis. — Tlie pre^osis for recovery from the disease is not a 
good one, as attacks are liable to recur from time to time until the age 
of fifty, unless the habit of life can be radically change<l. There is no 
danger of death in an attack, even though it is a very severe one, and 
although the symptoms of prostration may at t'^mes seem alarming. 
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Treatment. — -This consists of a general regime and treatment of 
the underlying digestive condition in the intervd between attacks and 
in the treatment of the attack itself. 

The general regime. Diet. — A simple but nutritious diet of small 
amount is to be followed rigidly. The tendency to over-eat should 
be guarded against. Fruit (except strawberries), cereals, eggs, fish, 
white meats, ham and bacon, game, vegetables of almost all kinds, 
custards, simple desserts made without pastry or sugar may be allowed. 
Rich sauces are to be avoided and also things which are fried. Eggs 
disagree witli many of tlmse patients and so does milk. Red meat 
may be allowed every other day in some form, but in some patients 
has to be excluded, though in these individuals ansemia is to be pro- 
vided against. Tomatoes, asparagus, eggplant, cauliflower, and salads 
made with vinegar, are often found to disagree, and if so may be 
excluded. Cheese, especially the French cheeses, are to lie excluded. 
Sugar is to be used very simringly and all candy is to be forbidden. 
Patients vary in susceptibility to tea and coffee. In some they are 
injurious. Iii some a strong cup of either will abort an attack. 
Alcohol in any form must be forbidden. ’ Tobacco may be used in 
moderation. Patients subject to migraine should drink at least two 
quarts of water daily, but this should not be taken witli meals. I 
have seen much benefit from the use of piperazine water. Any alka- 
line water may prove useful. 

Exercise in the open air, sufficiently active to cause a perspiration, 
is absolutely essential. Tennis, horse-back riding, rowing, and golf 
are the best forms of exercise and should be persisted in daily both in 
summer and winter. 

Baths are of much use; either a Turkish bath once a week; or 
a hot vapor bath followed by « cool sponge oflF, or a hot bath 106°, 
made alkaline by the addition of two handfuls of carbonate of 
soda, of ten minutes duration daily, followed by a cool sponge ofP. 
The object of the bath is to stimulate the cutaneous cireulation and 
secure free perspiration. It may be taken on rising or on going to 
bed, if it does not prevent sleep. Massage is also of much service, 
especially deep and forcible massage, not only of the limbs, but also 
of the back and of the abdominal viscera. Swedish movements may 
be combined with massage. 

Treatment directed to the digestive functions is usually of 'much 

benefit. A saline laxative of which the best is the following ; 

/ 

B Sod. Phoephatig exsic. S iv 

Sod. Snlpbatu exdc. 3 ^ 

Sod. Salicylatia. 3 ij 

M. Triturate and cork tightly. 

Sig. One teaapoonful in a large tumbler of hot or cold seltzer wAter on rising 

is to be given daily. Once in two weeks either a mercurial purge, 
calomel, three grains, or blue mass, two grains, or a pill containing 
euonymin, poddphyllin and aloin, each one-quarter grain, should be 
given. 
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A good intestinal antiseptic is to be given after each meal, put into 
such a capsule as will dissolve in the intestine, but not in the stomach. 
So called “enteric capsules” can be obtained at the druggists, or any 
capsule can be coat^ with a mixture made up of salol four parts, 
shellac one part, alcohol forty parts, the capsule being dipped in this 
several times and allowed to dry.* 

Permanganate of potash, one grain, or sulphocarbolate of soda, five 
grains, or resorcin, three grains, or benzoate of sotla, two grains, with 
salol, three grains, or salol, five grains, are all of service and it is wise 
to vary the drug used. An occasional high large enema of salt solu- 
tion is very l)eneficial in these cases. 

Patients who suffer from migraine arc often ausemic and may need 
iron, but I Imve found that they take ovoferriu, or Gude’s peptoman- 
gan much better than other forms of iron which often produce attacks 
of headache. Tonics of all sorts are to be given especially those which 
contain phosphorus. If there is any insufficiency of the interni, strych- 
nine may be given, but if the externi are insufficient it should l)e avoided. 
Any eyestrain is Ixitter relieved by prisms than by operation on the 
muscles. Seguin used cannabis indica in one-quarter grain dose with 
some benefit. It is of use when there is insufficiency of the externi. 
Some authors recommend the long continued use of arsenic ; others 
use bromides. Gowers recommends the long-continued use of nitro- 
glycerin, gr., with strychnine, ^ gr. t. i. d. 

The treatment must be kept up stemlily for a year, or more, in 
order to secure such a permanent cliange in the habit of metabolism as 
to secure a cure. A course of treatment at Carlsbad is often beneficial 
to tliese patients. 

The treatment of the attack. — It is often possible to abort an attack 
by washing out the stomach with an alkaline solution several times 
and then leaving a strong solution of bicarbonate of soda in the 
stomach. If this is done promptly it usually arrests an attack. 

During the attack the patient is to be kept quiet in a dark room 
with plenty of cool fresh air, but kept warm by hot bottles, or warm 
fiannel wraps. Heat to the head or ice bags may be used according 
to the preference of the |)aticnt. 

In many cases the coal tar products, antipyrin, phenacctin, acetani- 
lid, or pyramidon, in one full dose, alone or in some combination, will 
arrest the attack. In other cases a strong cup of black coffee or a 
powder ^of caffeine, three grains, or the fluid extract guarana, one 
firachm dose will do the same. In some cases very minute doses 
iVnr grain of ignatia, repeated every ten minutes, till twenty doses are 
taken, will mitigate the attack. In some cases a five grain dose of 
chlord hydrate repeated every half hour will do the same. I have 
never seen a good effect from the use of nitroglycerin in the attack, 
though others recommend it A full dose of ei^t without or with 
bromide of potash may give relief. Every patient comes at last to 

‘See Treatment of Leukomain Poiaoning by Dr. R K. Bachford, Med. News, May 
and October, 1894. 
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rely ou gome one of these remedies, so if one fails it is well to try 
another. 

If everything else fails, a hypodermic of morphine will stop the 
pain and secure sleep and when the patient awakens the pain is gone. 
There is no disease, however, in which the danger of the morphine 
habit is greater and in which it needs to be used witli such caution. I 
believe that it exerts a very detrimental effect on the metabolism, 
tliereby predisposing these patients to a more frequent recurrence of 
attacks. 

(For other forms of headache see index.) 



CHAPTER XLITI. 


THE SPASMODIC NEUROSES. MYOCLONIA. 

Chorea. Huntington’s Chorea. Nodding Spasm. 

Thebe arc many forms of functional nervous disease in which 
spasmodic contractions of the muscles form the prominent symptom. 
These have been grouped together aud termed the myoclonia, myoclonus 
meaning a muscular twitch. Fibrillary twitching in a muscle has l)cen 
called myokimia. A sharp distinction has been drawn l)etwecn twitch- 
ings which occur in a single muscle or group of muscles causing a 
motion which cannot be voluntarily produced ; and twitchings which 
cause a movement which appears to have a voluntary conscious char- 
acter with an object and involves a certain coordinated action in the 
muscles affected. To the former the term Mpasm has been limited. 
The latter are called tics. This distinction will be observed in con- 
sidering the various types of myoclonia. 

CHOREA. 

Chorea minor, Chorea of Sydenham, or St. Vitus’ Dance is a func- 
tional uervous dist^ase, characterized by sudden rapid twitcliings of 
any or all of the muscles, by some deficiency in the control of the 
muscles which twitch, and by mentiil irritability. 

Etiology. — Out of 2,23!) cases treated in my clinic, 1 ,492 were 
females and 747 were males.* In the following table the age at the 
ume of onset is shown : 

Table. — Age of Onset of Oiorea. 

3 or under 4 5 6 7 8 9 10 II 

11 26 60 111 1.34 190 201 197 167 


12 13 14 15 16 17 18 19 20 20-30 

148 171 135 86 67 47 34 16 19 34 

It will be seen that the period from six to fourteen is that of maxi- 
qinm liability, and that at the time of puberty (thirteen) there are 
more cases than just before or after. These statistics agree with those 
of other authors. No however, is exempt, as chorea does occur 
in adult life, especially in women during or after pregnancy. 

While children in all classes of the community are subject to chorea, 
a large majority of the cases are found among the lower classes, espe- 
cially among children living in tenement houses, under bad hygienic 

' The otatigtics in this art.cle hare been collected by my clinical aagiotant, Dr. 8. P. 
Gkxxlhart. 
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surroundings and eating poor and badly cooked food. When well- 
nourished and well-fed children are affected it is usual to find some 
hereditary factor or some fright as the cause. 

Anaemia is a most frequent cause of chorea, many of the patients 
being pale and languid, and having functional or blood murmurs. 
The bl(X)d count usually shows a deficient number of red coi^uscles 
and a low per cent, of hemoglobin, but this is not always present, even 
in patients who look pale.* 

There is some evidence of heredity to be found in the histories, 334 
of the children’s parents having had the disease in early life among my 
cases, i. c., 7 per cent. In 93 cases a brother or sister was simulta- 
neously affected. 

There is no definite relation between the infectious diseases of child- 
hood and chorea, and it rarely occurs as a direct sequel of these diseases. 

The relation of chorea to rheumatism has been studied by many 
writers. Many cases of chorea develop after an attack of acute rheu- 
matism, with or without endocardial complications. In some cases the 
diseases appear together } in some they occur alternately. In a collec- 
tion of 2,500 cases made from vanous authors,* I found that 26 per cent, 
had had an attack of rheumatism just prec<Hling the chorea, and that 
23 per cent, had a cardiac murraUr. Among my own cases 372 had 
an attack of rheumatism preceding chorea. I do not consider the in- 
definite muscular pains, called growing pains,” of children a positive 
evidence of rheumatism. Many patients complained of such pains 
before or during the attack. The statement may be made that a certain 
poison or microorganism in the blood under certain conditions produces 
either rheumatism or endocarditis or chorea, according to the varying 
susceptibility of the joints, heart, or brain in different persona 

In 430 of my cases a cardiac murmur was found at the base of the 
heart in systole, or at the apex in systole. This was in some cases a 
blood murmur, and passed away when the disease subsided. In the 
majority of my cases (261), however, it has been a true endocardial 
murmur and has remained, leaving the heart permanently defective. 
It is this class of cases which has established the relation between endo- 
carditis and chorea. In a veiy large proportion of my cases no car- 
diac murmur was found. 

Chorea is a disease of the temperate climates and is almost unknown 
in the tropics. Negroes are rarely affected, but are not exempt. 

The occurrence of chorea chiefly in the spring months between 
March and July, which has been noticed by many authors and which 
my records confirm, is probably due to the fact that at this time the 
confinement of the children in the house in bad air, the inability to 
obtain out-of-door exercise in winter, and the mental strain of school 
result in a culmination of the malnutrition which is the chief predis- 
posing cause of the disease i while the lesser number in summer and 
fall indicates a better nutrition of children who have had an out-of- 

* Univemty Medical Marine, December, 1896. 

arUcle, Chorea, American Textbbok of Diseases of Children, pp. 481-2. 
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door life. This is confirmed by the faet that such life has a great cura- 
tive influence on the afiection. 

Fright is an exciting cause of chorea in many cases. Any mental 
excitement, such as long continued strain at school, sudden disappoint- 
ment or grief, may also produce the disease. The fright or shock may 
precede the disease a few days, or even a week. 

While it is possible that eye-strain from unbalanced muscles, or irri- 
tation of the naso-pliarynx by adenoids or polypi may cause local 
twitching of the eyelids or face, they never cause true chorea, and 
treatment of the disease by the relief of muscular insufficiency of the 
eyes is useless in my experience. 

One attack of chorea predisposes to another, and in a huge number 
of cases relapses occur. This is probably merely l)ecn.use the cause 
which produces the first attack is renewed after recovery. In one 
quarter of my cases relapses were recorded. 

Symptoms. — The movements occurring in chorea arc spasmodic, 
unexpected, and inimitable. They cannot be arrested by the will for 
any length of time, but are much increased by attention, by excitement, 
or by any effort to restrain them or to use the muscles involved. In 
the majority of cases the twitching is momentary and slight, and does 
not exhaust the patient. In a few cases they are extended, violent and 
continuous, endangering the patient’s safety and even his life. These 
movements interfere with voluntary acts, rendering them imperfect, 
awkward, excessive, or even impossible. When chorea is slight, such 
acts as dressing, writing, or playing the piano may reveal irregular 
motions not noticeable in a state of rest ; and often it is this unusual 
awkwardness in the performance of tliese acts, or nervousness, which 
attracts attention to the condition. When the disease is fully devel- 
oped, any movement involving fine codrdination is impossible. While 
any muscle of the body may be iuvolved in choreic movements, it is 
more common to notice them in the face and extremities titan in the 
trunk. The child makes queer grimaces, especially when talking. The 
eyes are suddenly closed or opened, the mouth pouts, the cheeks twitch, 
the tongue if protruded is seen to be affected, and may be suddenly 
withdrawn, or even be cut by an unexpected snapping of the jaws 
together; occa.sionally the laryngeal and respiratory muscles are 
affected, breathing is irregular, and noises are made in the throat. The 
neck is not as frequently affected as the shoulders, but the arms below 
the elbows are almost always involved, and irregular awkward motions 
«f the fii'igcrs are always seen or felt if the hands are held. While the 
trunk muscles do not often appear to swell out in contraction, yet the 
entire body is uneasy and frequent changes of position are seen. The 
legs below the knees are in constant motion, but the thighs do not 
o^n twitch and the patient rarely falls, though he may stagger in 
walking. These motions cease during sleep. 

The weakness in the muscles affected occasionally becomes so ex- 
treme that forcible movement is impossible, and paralysis may be sus- 
pected. The hands may be not only awkward but so weak that the 
48 
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acts of feeding or of dressing may be impossible, and the legs may give 
out so that the child may fall in walking ; the child may even be 
unable to turn over in bixl. The weakness subsides as the child 
recovers and permanent paralysis is never observed. But when great 
feebleness develops and difficulty in talking and in swallowing occurs 
the prognosis is serious. I have known the inability to swallow to 
result in such a condition of malnutrition that the child died. Awk- 
wardness and ataxia are always noticed. The dis(«sc might be con- 
sidered as muscular in origin were it not that it is always attended by 
mental irritability and is often unilateral. Among 2,239 cases 770 
were unilateral, the right side being affected a little more frequently 
than the left. If the disease tegins as hemichorea it rarely b^'omes 
general. If it has once occurred as a hemichorea, it usually recurs as 
such. 

The mental irritaMlUy is usually noticeable early in the disease. It 
may be accompanied by inability to exert the mind continuously, and 
by depression of spirits. The child frets, is easily irritated, is quarrel- 
some, when previously he has been good temper^, cannot be amused, 
and is said to be naughty when in reality he is unable to exercise self- 
control. He ttmy even act in a semi-imbccile manner, laughing too 
easily. These children are always incapacitated for study and should be 
taken out of school. The mental excitement may interfere with sleep. 

A child who is suffering from chorea is usually pale, badly nourished, 
has little appetite, is languid, is constipated, passes but little urine, 
and that of a high specific gravity, loaded with phosphates and urates. 
Examination often shows a loud systolic heart murmur which may be 
either functional and due to anasmia, or oiganic and due to endo- 
carditis. There is often 'obtained a history of muscular pains or of an 
attack of rheumatism, preceding or coincident with the onset of chorea. 
Headache is often complained of. There is usually a diminution of 
the tendon reflexes and a hyperexcitability of the muscles to electrical 
stimulation. Temperature, pulse and respiration are natural. 

The disease appears suddenly after a fright or after some mental 
strain or from general malnutrition, increases during the first two 
weeks, lasts for several weeks (ten is the average) and gradually sub- 
sides, but may recur a year later at the same season at which it .first 
appeared. 

This description applies to the majority of eases of chorea. There 
are exceptional cases which require notice. 

In a few instances the motions are constant, excessive and violent^ 
so that the patient will be thrown off a chair or out of a bed, and is 
liable to incur injuries. Unless these patients are protected by lying 
in bed and guaidcd by mattresses at both sides of the bed, and are 
kept asleep by narcotics, they are soon worn out and die of exhaustion. 

In a few cases the mental irritation rises to the pitch of acute mania, 
and acute delirium occasionally occurs in this form of the disease. 

In some caSts the weakness is so much more apparent than the 
twitching that the case may be considered as one of paralysis. Usu- 
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ally ataxia attends this wrakness. I have known chorea to l)e diag- 
nosticated as infantile paralysis, and as locomotor ataxia, though other 
characteristics of these diseases were absent. 

In a few instances speech becomes affected early, and may be so 
indistinct as to l)e scarcely understood ; and in these eases grunting 
noises may be made in the throat. Sometimes nervous patients affected 
with twitching motions give vent to loud words unexpectedly, usmilly 
of a profane or obscene kind. This condition, known as coprolalia, is 
not choreic, but hysterical. So tex) is echolalia, in which the ]xitient 
repeats the h\st word heard. Such piticnts often mimic motions and 
show other signs of hysteria. 

The joints may be inflamed, swollen and tender, wlien rheumatism 
attends chorea. In a few cases sulxmtaneous nodes, which are small, 
round, hanl nodules apjK'aring in many parts of the body, notably on 
the back and along the flexor surfaces of the extw>mities, arts found. 
They are regarded us evidence of rheumatism, and have no relation to 
the chorea. 

Chorea occurring in adult life presents the same symptoms as in 
childhood, but is usually attended by much greiiter mentid irritability 
and by marked depression of spirits ; in fact, a true melancholia not 
infre<iucntly develops and there is danger of suicide. It imiy last three 
or four months and occasionally becomes chronic. Chorea is some- 
times seen during pregnancy. It develops in neurotic women during 
the third or fouriii month and nuvy be very severe and last for sciveral 
weeks. It also occurs just after labor and is then attended by 
melancholia. 

Duration. — The duration of the disease varies graitly in different 
cases. In some it nins a rapid course and the chihl is well in a 
month. In the majority of cases it lasts about three montlis, passing 
away slowly. In some cases it lasts a yesir or even more, with vary- 
ing degrees of severity. Occasionally it becomes chronic. The large 
majority of the cases terminate in recovery, but there is always danger 
of a rehipse, and many patients suiter from a third or even fourth 
attack, winch usually occurs at the same period of the year at which 
the first seizure occurred. When a child dies of chorea it is because 
of exhaustion on account of the severity of the spasms. In the <;ases 
appearing during pregnancy, it may cease after the third niontli, or it 
may last throughout the pregnancy. In cases developing just after 
labor it i^ often severe, but not of long duration. In a few of these 
s<?vere cases it is attende<l by mental symptoms, mania or melancholia, 
and may be fatal. In adult life chorea is apt to last two or three 
months, and if attended by melancholia, as it often is, nniy prove fatal. 

Pathology. — There is little ground for positive statements regard- 
ing the patliology of chorea or regarding the situation of the lesion. 
The lesions found by various authors; minute hemorrhages or capil- 
lary emboli of the basal ganglia of the brain; vacuolization of the 
nervous tissue due to distension of lymphatic spaces around blood- 
vessels or nerve cells ; various types of d^neration in the cells of the 
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cortex or spinal cortl ; hyperplasia of neuroglia, are probably due to the 
exhaustion produced by the disease. The unilateral character of the 
symptoms points to the brain as the site of the functional disturbance, 
and this is confirmed by the mental symptoms usually present. 

Prognosis. — Tliis should be favorable, but guarded as to duration. 
The cliances all favor recovery witliin three months, but it is to be 
remembered that some cases last much longer, and that many relapses 
occur. Another fact makes a guarded prognosis necessary, ^me 
children are exceedingly susceptible to arsenic and hence cannot take 
the chief remedy ; or if it is given they develop arsenical poisoning, or 
even arsenical multiple neuritis. The more aneemic the child, the worse 
the prognosis. The more the mental excitement, the worse the prognosis. 

The development of rheumatism during the disease does not render 
the pn^osis very grave, as few children die of rheumatism. It 
lengthens the duration of the chorea. The occurrence of endocarditis 
is more serious, as it may last through life and finally lead to serious 
cardiac disease. During the early stages, however, the cardiac insuf- 
ficiency rarely causes symptoms, and 1 have rarely seen a child with 
chorea sufier from oedema or dropsy. Nor have I seen a child with 
chorea develop hemiplegia from cerebral embolism. 

Diagnosis. — There are many diseases in whieh the chief and most 
prominent symptom is a twitching of the muscles. These should not 
be mistaken for chorea. 

Tic convulsif, which is a unilateral twitching of the face, is not 
chorea, as shown by its local limitation. (See Chapter XLIV.) 

Other forms of tic, such as tic of the head or shoulder or arm, are 
not to be mistaken for chorea, because they are strictly limited in the 
extent of the twitching, and have in distinction from choreic move- 
ments the chamcteristic of a tic, vizi, that it is a simple act originating 
in an idea and cu5rdinated for a special end, but controllable momen- 
tarily by effort. 

The maladie dea tics eonvuMvea of Gilles de la Tourette, consisting 
of a sudden convulsive twitching of any or all of the muscles of the 
body, resembles chorea, but may be distinguished from it by the facts 
that it is not attended by weakness or awkwardness in voluntary 
movements, the twitching is not increased or set up by voluntary 
motion, and only appears during rest ; there is no mental irritability j 
the disease does not usually b^n till puberty j it is chronic and does 
not yield to arsenic. ; 

Habit tics should not be confounded with chorea. All children 
have a tendency to mimicry, and a child who is afflicted with habit 
tic makes motions which have the character of voluntary move- 
ments such as winking, pouting the lips, frowning, raising the eye- 
brows, turning the head, shrugging the shoulders, or moving hands and 
feet These habit ties are not as quick and jerky as the twitchings 
of chorea, but after a time they are not easily controlled, as they are 
at first, and hence resemble chorea. Voluntary control can, however, 
be exercised if the child’s attention is forced to the necessity of it, and 
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in this condition moral treatment and general hygienic measures, such 
as baths, exercises and massage are of more service than medieine. 

Myoclonus multiplex is a spasmodic affection resembliug chorea. 
But in this disease it is the muscles of the btsly and of the proximal 
portions of the limbs which are affc<!tetl ; tlic face, hands, and feet are 
quiet. The spasms are bilateral and symmetrical ; they occqr at intervals 
and are rapidly repeated, as many as ninety contractions of the muscles 
in a minute may occur. The movements are very violent, so as to 
throw the patient down if walking, or to hurl him off of a chair. 
The spasm can be brought on by tapping the tendons. During tlie 
interval between the spasms, a fibrillary tremor of the muscles may be 
seen. The disease may occur at any age, but is usually seen in adults 
after some fright or anxiety, in persons of a hysterical type. 

The heraichorca following hemiplegia is characterize by slow, 
irregular ataxic motions, excited only by voluntary effort or by emotion, 
and is rather a hemiathetosis than a true chorea. The history of its 
onset, following an attack of hemiplegia or some form of a]^K)ploctio 
stroke, distinguishes it clearly from oeiuary hemichorea. 

Treatment. — Remove the patient from the bad hygienic surround- 
ings which have caused the disease, and send him to the seashore, if 
possible, for a life out of doors. Keep him quiet and without excite- 
ment in any case, and ahvays take him out of scjhool. Give him a 
nutritious diet of varied character, without restrictions, and aid 
digestion by a bitter tonic, by iron, and by laxatives. Long continued 
(lialf-hour) baths at temperature of 95® are to be given twice a day, 
the child being allowed to play in the water. No cold slaxiks are to 
be given. Rest in bed or on a couch is a g(xxl thing with older 
children, but a young child who will not rest should be dressed in 
merino and allowed to play on a bed, but not to run on the floor. 
Gentle massage of the entire bo<ly may be given daily for an hour. 
The child should see only one or two members of the family, so as to 
be kept free from excitement. It may be amused by rending. These 
means alone will result in improvement in two weeks. 

The improvement can be hastened by medicines. If rheumatism 
has preceded or attended the chorea, it is best to use salicylate of sixla, 
salicin, aspirin, or oil of wintergreen freely. They may be combined 
with antipyrin or exalgin in small doses. If heart tonics are needed, 
camphor or caffeine are the best. The doses of all these drugs must 
be determined by the s^e and susceptibility of the child. 

• If there be no history of rheumatism, it is well to tliink of the pos- 
sibility of malarial infection as a cause of chorea, and periodical rises 
of temperature will indicate a mercurial purge, followed by the use of 
quinine or of Warbuig’s extract for at least a week. This often cuts 
diort an attack of chorea. 

In all other cases arsenic is the chief remetly. I prefer Fowler’s 
solution. It is to be begun in 3-drop doses three times a day, and in- 
creased 1 drop daily until a puffiness of the eyelids, nausea, or pain in 
the stomach are pranced. Some children will stand only 10 drops a 
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day, others will take 40 drops a day without discomfort. It is my 
rule to increase the dose till physiologicsil effects are produced, then 
to stop it for twenty-four hours, and then to give the dose just below 
the maximum for some days or even weeks, always watching for 
poisoning, and stopping if this appears. It should be begun well 
diluted and be given after meals only. 

If a child csinnot take arsenic, chloral hydrate in 2 or 3-grain dose 
for a child of six may be given 3 or 4 times in 24 hours. This may be 
combined with bromide of sodium in 5 or 10-grain dose, and given 
after meals. The condition of the heart is to be watched carefully. 

Chloretone in dose of 5 grains three times a day for a child of six 
has been of service in some cases. The dose may be increased in fre- 
quency in older children. 

In some csises tincture of cimicifuga in half drachm dose repeated 
and increased 5 minims daily may do good. This is also of service in 
adults. 

In very severe cases where the motions are violent, the patient 
should be guarded from injuries by being kept in bed, mattresses being 
placed at the sides of the bed. In these cases licgin with 5 or 6 drops 
of arsenic in milk every 6 hours, and increase the dose each time 1 
drop. At the same time give bromide and chloral freely by rectum. 

It may be necessary to give inhaUtions of chloroform in these cases, 
to induce sleep. Sulphonal or chloralamide or veronal are also of ser- 
vice in these cases. Hypodermic use of morphine usually increases 
the spasms, but hydrobromate of hyoscine in grain, or less for 
a small child, may do good. 

In addition to these direct remedies the condition of anmmia must 
be combated by some form of iron. The albumenate of iron is the 
best form for children, as it is tasteless and can be given in milk. 
Chocolate lozenges containing iron may also be given. 

When all medicinal and other treatment fails, and the case seems 
chronic, a change of climate, especially to the seashore, is often of great 
benefit, but sea bathing is not to be recommended. High altitudes are 
not favorable to chorea. 

HEREDITABT OHOBEA OB HUNTINaTOK’S CHOBEA. 

A form of chorea, developing in adult life, and distinctly hercditaiy 
in origin, was first described by Dr. Huntington, of Easthampton, 
L. I., after whom it was for a time named. He observed a family in 
which cases had developed in four successive generations. Others haVe 
recorded the history of other families similarly afflicted and now the 
disease is recognized all over the world.' 

The chorea begins about the age of forty, though a case has been 
seen as early as twenty-three. The motions begin in the hands and 

‘ A. S. Hamilton has described twenty-seven cases, Amer. Journ. of Insan., Jan., 
1908, and Browning has collected the records of over one hundred cases from literature ; 
Neurograph^ vol. i.. No. 2, May, 1908. See also Curschmann, Deut. Zeitschr. t 
NervenheiL, Oct. 15, 1908. 
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feet and extend until the entire body is affectetl. They are excessive, 
so that speech, coordinated actions and gait are involved and the 
muscles are all in violent movement, rather more intense tlian in ordi- 
nary chorea. The spasms are increased by mental or physical exertion, 
but occur when the body is at rest. They cease during sleep. They 
are never unilateral only. 

After a time mental symptoms uniformly develop, and many of the 
cases have been observed in asylums. In some patients there is evi- 
dently a congenitally defective mind. In otliers a progressive dementia 
develops. The mind slowly fails, there is a loss of power of applica- 
tion and of judgment and of memory, and there is despondency and 
emotional irritability. In some cases suicidal impulses are felt. In 
quite a number of cases a more active type of insanity apjM'ars, delusions 
of persecution or of an exciting or anxious type, self-accusations and 
maniacal outbursts. In some the hebephrenic type of dementia prsecox 
has been observed. In the latest stage a gradually increasing spastic 
paraplegia develops, both legs and arms becoming rigid with increased 
reflexes and imperfect control of the sphincters. The disease may last 
many years. Certain associated symptoms have been noted by various 
observers, such as ptosis, an increase in the muscular tonicity, a slow 
response to painful sensations, and bulimia ; but they arc not particu- 
larly characteristic. 

Males are more frequently affected than females. It may be trans- 
mitted through either side of the family, but Dana reports a family, 
where the transmission was wholly through the females. While it 
appears as a rule in adult life, there is a tendency for the disease to 
appear at progressively earlier ages in succeeding generations, and 
Siukler has reported a congenital case of hcreditstry chorea. Hamilton 
observed in his cases many signs of degeneracy and of early senility. 
There are cases of senile chorea witli dementia in which no inheritance 
can be traced. 

The lesion found is a sclerosis of the cortex of, the brain scattered 
widely in patches especially about the blood vessels, and secondary to 
changes in the vessel walls. Sclerotic patches have also been found in 
the basal ganglia. 

The prognosis is bad and no treatment has succeeded in stopping 
the progress to dementia. 


NODDINa SPASM. 
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In some children soon after birth or within the first six months of 
life certain oscillatory motions of the head develop, usually lateral, 
sometimes vertical, and occasionally a mixture of both. These are 
very commonly associated with a condition of rotary or lateral nys- 
tagmus which ap{)ears when any attempt is made to turn either head 
or eyes. These nodding movements do not seem to incommode the 
child and are certainly not attended by pain. They are not unlike 
the nodding movements and slight rotary movements occurring in 
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very old persons, though these are not associated with nystagmus. 
Nodding spasm is more common in children of neurotic inheritance 
and children who are badly nourished and the subject of rickets. It 
develops not infrequently in cases of hydrocephalus in mild degree in 
the early stage. It also occurs in tumors of the brain in children. 
The origin of the condition is wholly unknown, though in several cases 
when children subject' to nodding spasm have grown up and have out- 
grown -tlie spasm defects of vision of the nature of extreme astigmatism 
have been discovered. It seems, therefore, not unlikely that eyestrain 
may be the origin of these conditions. Little is known of tlie causa- 
tion. The spasm usually persists until the child gets to be a year old, 
when it is outgrown. I have rarely seen it last through the third year. 
As the disease is rarely seen in adult life it is evident that the majority 
of patients recover. There is no known form of treatment, but in 
these children the general health should be carefully attended to. 
Proper nutrition should be secured ; good air and good food, frequent 
bathing, and tonics, especially cod-liver oil and arsenic, are distinctly 
beneficial. 



CHAPTER XLIV. 

THE TICS. FACIAL SPASM. TORTICOLLIS. MYOCLONUS. 

The term tic, which was at first used to indicate a lightnin{r-]ike 
twitching of the face, and later was employed to dcscril>e all sorts of 
sudden spasmodic contractions of the muscles of the forehead, neck, 
shoulders or extremities, has of late been defined by Brissaud* and 
Meige* as “a primary act caused by an external irritation or by an 
idea and coordinated for a special end.” By repetition this act becomes 
a habit and finally occurs involuntarily without apparent cause or 
purpose. It may then increase in intensity <and frequency and be 
associated with other acts. The movement is preceded by a sense of 
need and by an uncontrollable impulse ; to contnd it causes a sense of 
distress or anxiety, but it can be controlled momentarily by an eifort. 
It ceases when the mind is strongly diverted from it and it is suspended 
during sleep. Charcot taught that it was a psychic disease. Friedreich 
called it a coordinated spasm of a remembered movement. The French 
School considers it a psychomotor affection. 

Tics are movements originally voluntary and hence initiated by a 
conscious impulse sent from the cerebral cortex ; and therefore have 
all the characteristics of a true intended coordinated action as distin- 
guished fnjm a reflex or involuntary spasm. They are convulsive in 
character, because in the end they are wholly Ijeyond conscious control 
and have no obvious purpose, but in fact become an annoyance to the 
patient. They have been called by some dereotypal rnovementti. 

Children between the agtis of six and thirteen are not infrtKjucntly 
found to acquire certain abnormal movements ; either by imitation of 
other children or because of some slight sensation which has beim 
unpleasant. This movement is always voluntary in its characUir at 
first. But after a time it may be repeated so often as to become auto- 
matic and the child may be unconscious of it. Then it may become 
frequent, occurring every few minutes or almost constantly, and pro- 
duce unpleasant effects. 

The tjc may consist of a winking of one or both eyelids, of wrinkling 
the forehead, of pouting the lips, of twitching the head, of shrugging 
the shoulders, of throwing the hands up or out, of twitching the fingers, 
of snapping the fingers, of catching the breath, of sighing deeply, of 
twitching the body, of kicking the legs, or of any other simple volun- 
tary movement, l^me children make noises in the mouth or throat, 

* Briwaud. Tim et apasms de la face. Jonr. de Med. et Chur, pract, Jan. 24, 1894 

' Meige et Feindel. Lea Tics etlenrtiaitment. Manon etCie, Paris, 1902. Meige. 
Art. Tics. Traite de Medicine, tome x, p. 330, Buds, 1905. 
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or even repeat words. Some children touch objects as they pass them. 
Some have impulses to count or to repeat phrases. In fact any mental 
or motor impulse of a morbid kind may pass into a liabit. 

It is chiefly among neurotic children whose inheritance is bad and 
whose training has been imperfect and whose nutrition is not good 
that these habit tics develop. The exciting cause may be some slight 
irritation from imperfect eyesight, from nasal obstruction, from uncom- 
fortable clothing, from too great restraint at school, or some fright or 
emotional shock. It sometimes develops when the child flrst goes to 
school. 

The epidemic forms of chorea described as occurring in the middle 
ages were really tics from imitation, in persons of hysterical type. 

Tics are not confined to children. They often develop in adults. 
A tic being a physiological movement, it is evident that a coordinated 
group of muscles is usually involved. Every possible variety of move- 
ment has been observed, and to describe the forms of tic it would be 
necessary to mention almost every known act. Some special forms 
may be considered because of their frequency. 

Tic of the eyelids consists of a spasmo<lic closure of the eyes, attended 
by wrinkling of the forehead ; the eyes cannot be held open for any 
length of time and tliis gives the patient much inconvenience. This is 
not to be confounded with true hlepharospasm (see page 764). 

Tic of the face is usually seen in the form of a grimace at first uni- 
lateral, later bilateral. There may be movements of the lips, of 
pouting, sucking, pursing, and all sorts of expressions of the face 
ensue, giving the appearance of depression or of mirth. 

Sometimes a local spasm in the risorii may oc(!ur. Thus a well- 
nourished young woman, not anaemic, suffered from a bilateral tic 
of the middle muscles of the face, so that she looked all the time as if 
smiling, and the upper lip was stretched tightly back across the upper 
teeth, and this impeded her speech, her eating, and gave her the appear- 
ance of laughing all the time, when she had no such desire. This con- 
dition came on very suddenly after a great mental shock, soon after the 
birth of her first baby, and persisted for six months. The chief dis- 
comfort lay in the great limitation of talking. There was no affection 
of the tongue or of the larynx, but all letters involving the use of the 
lips were imperfectly pronounced, especially when her attention was 
directed toward it. When her attention was diverted by an examina- 
tion of her eyes and throat the spasm relaxed and the lip assumed its 
normal appearance, but the moment she began to speak, or thd moment 
that she tried to smile, the sudden contracture of the muscles resulted 
in a flattening of the upper lip against the teeth, where it was held 
rigid. She appeared to be perfectly well in every other respect ; there 
was a slight tendency to divergence of the eyes ; there had never been 
any pain or difficulty in chewing. There was no pain on pressure along 
the fifth or seventli nerves ; there was no apparent obstruction in the 
nose or throat. • 

Sometimes it is only the comer of the mouth or side of the nose 
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which is raised. Sometimes the chin is drawn down. This is to be 
sharply distinguished from facial spasm (see {mge 764). 

Tic of the tongue may cause sucking or clicking sounds. 

Tic of the masseters may cause grating of the teeth. 

Tic of the neck causes a shrugging of the shoulders or a turning of 
the head. This simulates torticollis, and in fact Brissaud describes a 
mental torticollis which is a psychical form of wiy-neck, diiferiug in some 
respects from the other forms. In these crises the iK'rsmisiou that some 
act will stop the spasm is followed by relief. Thus the pressui'e of a 
finger on the chin or on the side of the face, resting the head on the 
hand or on a chair will stop such a tic. The majority of cases of 
wry-ueck are of this variety. (See p. 767.) 

Tics of the extremities are rare, the habit of tapping objects with the 
fingers, or of kicking with the feet being rather of the nature of bad 
habits tlian of true tic. 

Tic of respiration, of cough, and of swallowing, have been recorded, 
and I have recently seen a tic of the abdominal muscles, the young 
woman making movements of the hypogastric region constiiiitly. 

Tics of speech (echolalia) in which the psitient rejieats the word last 
heard, or repeats some word over and over, are rather to be classed 
with hysterical phenomena. 

In all cases of tic the mental characteristics of the patient are to Ikj 
studied, it being kept in mind that there is a psychical element in these 
cases. Fixed ideas, abnormal impulses, and peculiar ideas arc often to 
be detecteil by questioning. This has to lx; particularly regarded iu 
the treatment, suggestion and persuasion of possible relief being essen- 
tial to success. 

Course. — The usual history obtained is that of a slow onset of the 
tic following some mental shock or anxiety — its graduid development 
and then a long period without relief. During this period variations 
in severity from time to time occur. Sometimes there is six)utaneous 
recovery. Sometimes treatment cures. Iu a few cases described by 
Gilles de la Tourette there is a gradmil extension of the tic fmm one 
part to another. The disease begins at the age of six or eight by 
tic of the face ; this extends to the neck and head and shoulders, then 
to the hands and finally to the trunk and legs. Echolalia and rcspini- 
tory tic are added. As the disease goes on mental failure becomes 
apparent, tlie patients show queer obsessions, develop delusions and 
finally go on to dementia. 

• Th 3 'prognosis is fairly good when the disease begins in esirly life, 
as proper mental and physical training usually enables the child to 
overcome the habit. In adults the prognosis is not as good, for tem- 
porary recovery is usually followed by relapses, and finally the disease 
becomes chronic. The disease does not shorten life. 

Etiology. — A neuropathic or psychopathic heredity can Imj ascer- 
tained in the majority of cases of tic. The disease is often direcitly 
inherited, several members of a family being affected in different genera- 
tions. If it is not, a history of epilepsy, hysteria, neurasthenic im- 
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pulses, phobias, migraiue, or diabetes may Ikj obtained, or some oi^anio 
nervous disease in the {mreut may be found to exist. Imitation plays 
a part in the origin of tlie disease, as many children copy tlie motions 
of others. Imperfect training is also responsible for some cases. 
Children are very liable to begin spontaneously some bizarre motion 
and unless firmly corrected or punished for it will keep it up till it 
runs into a tic. 

Tics develop chiefly in children between the ages of five and ten. 
This is the age of greatest imitation and when habits are easily forme<l. 
Both sexes arc liable. Some cases develop at puberty. Rarely the 
disease api)cars in old age and then it is usually a part of a senile 
dementia. 

Treatment. — The recognition that tics are psychomotor in origin 
^ 1ms led to the only satisfactory method of treatment. This is a method 
of self-control and self-education or psychomotor discipline devised by 
Brissaud and Mcige. The patient must keep his mind on his spasm, 
must attempt to control it voluntarily, and in order to do tliis must 
go through regular exercises several times daily before a mirror, con- 
tracting the muscles which twitch and their opponents, so as to secure 
voluntary control of the muscles. This education of the muscles must 
be insisted upon and is est done in company with some one who has 
a firm control of the patient. Sometimes isolation from the family has 
a good effect on cliildren. A system of rewards for success aids the 
treatment. It is useless to give medicine (e. g., arsenic), or to attempt 
surgical treatment by division of nerves or tendons. But in view of 
the neurotic constitution of the majority of patients it is necessary to 
advise that form of life which will conduce to general improvement in 
health. ^ 

FACIAL SPASM. 

A spasmodic twitching of the muscles supplied by the facial nerve 
is not an uncommon affection. It is usually primary, and not secon- 
dary to facial paralysis. All the muscles may be affected by the 
spasm, or it may be limited to the muscles about tlie eye, the orbi- 
cularis palpebrarum, when it is called “ blepharospasm.” Usually tlie 
zygomatic muscles and tlie levator anguli oris are affected with the 
orbicularis palpebrarum. When this is the case the spasm usually 
extends to the muscles of the cliin. It is a unilateral affection at first, 
but may become bilateral. The slight bilateral twitching of the face 
sometimes seen in childhood or in hysterical individuals, the fcsult of^ 
voluntary grimaces which have become automatic, is not included in 
facial spasm. ' 

Facial spasm is a disease of adult life, not usually developing until 
after the age of forty years. It occurs in women more frequently than 
in men and much more commonly in persons of a neuropathic consti- 
tution or in tliose who are subject to migraine, aummia, or cachectic 
conditions. A sudden mental shock has been known to produce it. 

, A spasmodic contraction of the muscles anywhere in the body is 
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rarely evidence of primary motor irritation. It is usually se(!ondary 
to a sensory impulse, the contraction of the muscles being a response 
to such an impulse. Thus the act of winking is primarily due to an 
irritation of the conjunctiva, and blepharospasm can be usuidly traced 
either to some local disease in the eyelids, to some strain of the ocular 
muscles, or to some defect of vision. The most sudden or lightning- 
like contractions in the facial muscles are seen in connection with fiicial 
neuralgia, and it is probable that in the majority of cases of facial 
spasm the cause is to be found in some irritation in the domain of the 
trigeminal nerve. Thus irritation in the nose, or about tlie teeth, or 
even in the mouth or throat, or in the scalp, is sufficient to pnaluce a 
facial spasm, and many ciises can only be relievcHl by the removal of 
the source of irritation. It is not impossible tliat small sensory fila- 
ments of the trigeminal nerve may be the seat of neuritis without any 
attendant pain, and that the result may be a facial tic. In the severe 
spasm of torticollis it is possible for an extension of the spasm to the 
facial muscles to occur, so that the spasm not only turns the head, but 
twists the face. Cases have been recorded of facial si)asm due to a 
pressure of tumors on the facial nerve witliin the skull.* Facial spasm 
has also l)eeu observed in irritating lesions of the facial area in the 
motor cortex of the brain, but these spasms are rarely as constant, as 
frequent, as sudden, or as extreme as those in true facial spasm. They 
are usually attendtid by spasms in the neck and arm and by other 
symptoms of cortical discsise. Nevertheless, it is well to remember 
that a facial spasm may be the first sign of cortical epilepsy. (See page 
91 .) 

Symptoms. — The chief symptom of the affection is the sudden, 
lightning-like twitching of the musedes of tlie face. Such twitching 
occurs at intervals, or a series of twitches may occur rapidly, one after 
another, each paroxysm lasting several seconds, or even a minute. 
The final contraction may be a tonic one, so that the face is drawn up 
and is motionless for a few moments. Any attempt at looking fixcsdly 
at an object, or moAning the lace, or talking, or chewing is liable to be 
followed by a spasm, and sometimes a cold draught is sufficient to bring 
it on. Some patients complain tliat the spasm is set up by a stnmg 
light, under which circumstances it is possible that the irritation of the 
optic nerve is sufficient to i»t up a contraction. For tliis reason many 
patients protect the side of the face by a thick w(X)llen pad, which keeps 
out light and cold. The spasm is never painful, and as there is no 
paralysik, voluntary motion is perfectly possible. There is no change 
in the electrical contractility of the facial muscles. In one case re- 
corded by Keen * the spasm extended from the facial nerve to the mus- 
cles of mastication, the tongue, and muscles of the neck. Occasionally 
a tender spot in the region of Ae fifth nerve or slight areas of anaes- 
thesia may be diseovei^ by careful examination, a fact which sup- 
ports the theory that the facial spasm is secondary to disease in the 
trigeminal nerve. 

‘Schultze, Virchow’s Archiv, vol. Ixv., p. 386. Vuss, Nearol. Centralbl., 1886. 

*TnuiMctioii8 of the American Surgical Association, 1886. 
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The course of the case is usually a very slow one. The spasm begins 
in a few muscles, and extends to others until the entire face is involved, 
and the disease may remain for many weeks or months, and then sud- 
denly cease. It is particularly liable to return. Not infrequently 
tliere is no permanent recovery. The patient is liable to the spasm all 
his life. Hence the prognosis is unfavorable, especially if the disease 
has lasted more than a month. 

Diagnosis. — Facial s|)asm is not to be confounded with facial tic, 
for it <loes not have the characteristics of a tic. It is a sudden reflex 
act, chiefly in one or a few muscles, unconscious and not under volun- 
tary control. A tic is a complex act apparently with a conscious end in 
view and involves a coSrdinatcd movement which can be temporarily 
arrested. The facial spasm is usually a surprise to the patient. Prior 
to a tic the patient has an impulse to make the motion which gathers 
strength until he can no longer resist, and then he feels relief when 
the motion is made. 

Treatment. — Treatment should consist in a very careful attempt to 
discover some source of reflex irritation by examination of the func- 
tions of the eye, careful investigation of the tliroat and nose and of 
the teeth ; and the removal of such irritation if possible. In one patient 
whose entire left side of the face was in constant spasm examination 
allowed that a marked defective visual power in the right eye liad 
thrown all the work of vision on the left eye. This, too, was astigmatic 
and myopic. The proper adjustment of glasses resulted in a progres- 
sive cure, complete within a month, although the condition had been 
present for over a year. If no cause is found the disease must be 
treated symptomatically by hot applications to the face and by the free 
use of sedatives, of which- bromide, cannabis indica, morphine, gelse- 
mium, and conium are the most useful. Electricity is of no use. 
Counter-irritation by blisters or cautery also fails to relieve. Stretch- 
ing of the facial nerve, which has been attempted, is usually followed 
by paralysis, but when this subsides the twitching returns. 

Some cases of facial spasm are of interest because of the possibility 
of locating tlie seat of irritation by means of hypodermic injections of 
cocaine. In two cases under my care the spasm had been of long dura- 
tion and hatl given the patients much discomfort and had failed to yield 
to any remedies. In neither ca^ was there any localizablo pain. Inas- 
much as the majority of such cases of facial spasm are due to irritation 
in tlie course of the trigeminal nerve, it was necessary to determine, 
first, whether the spasms were reflex, and, second, if so, in whicK branchi 
of the trigeminal nerve the irritation began. This was arrived at by 
injecting cocaine beneath the skin of the face successively at the point 
of emergence of the supraorbital, infraorbital, and dental branches of 
the trigeminal nerve. In the first case the injections had no effect on 
the spasm when the upper two branches were anaesthetized, but the 
injection at the mental foramen in tlie lower jaw was succeeded by 
immediate stoppage of the spasm for one-half hour, or until the local 
jeffect of the cocaine had subsided. This patient was then operated 
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upon by Hartley, who exsccted this branch of the trigeminal nerve at 
its exit from the jaw with the efifeet of permanent cure of the spasm. 

In the second case injection in the infmorbital braH(!h of th<* nei^'e 
stopjMid the spasm, and here division of this branch was followed by 
permanent cure of the spasm. 

SPASMODIC TORTICOLLIS. 

Spasmodic torticollis is a spasmodic contraction of any or all of the 
muscles moving tlie head upon the trunk. It consists of a quick, sharp 
contraction of the steniomastoid or of the trapezius muscles, causing a 
sharp, quick turning of the head toward one side, as if the {Miticnt were 
looking over his shoulder. In some cases tliis contraction is so sudden 
as to cause an almost lightning-like twitch of the head. In other cases 
the contraction is slower when the head is turned slowly, but none the 
less firmly to the side. Twitching occurs at intervals, may take but a 
second, and be succeeded by many other twitchings, so that the head 
turns eight or ten times in a minute, or it may l)c much slower, and then 
tlie head is frequently held for a minute or more in a HximI position. 
As soon as a relaxation of the muscle occurs die patient voluntarily 
turns the head back, only to find it jerked about again with much 
force and persistency. As time goes on in this affection the twitch- 
ings become more severe and either more rapid or more prolonged in 
duration. The latter is very common, so that these |ttitients after a 
time find the head permanently fixed in the abnormal position, though 
the occasional relaxation of the spasm allows tliem to turn the head 
back occasionally. The usual form of torticollis is the one in which 
the sternomastoid muscle alone, or the upper fibres of the trapezius 
alone, or these two muscles together are affected. If the sternomastoid 
alone is involved the chin is elevated and drawn toward tlie opiNisitc 
shoulder. If the trapezius alone is involved the chin is elevated to a 
greater degree and the head is thrown backward. If Iwth muscles act 
together the entire head is turned over toward the affected side and 
rotated with the chin toward the opposite shoulder. The affetdion is 
liable to be of long duration, the spasm continuing for many weeks, 
with varying degrees of intensity. It usually relaxes during sleep. 

It may be produced by any voluntary eft’ort, especially the aiits of 
reading or looking fixedly at any object which involves the voluntary 
fixation of the head or eyes. As such a fixation nmy lie a necessary 
act in tha pursuit of a profession or work, Cruchet,* whose studies of 
torticollis are tlie most complete, has classified these cases together and 
calls them the “professionsd tyjie.” He thus likens them tii writers* 
cramp and other occupation neuroses. (See page 829.) He affirms 
that in these cases the spasm occurs only when tlie muscles of the neck 
are called into action by the effort to hold the head steady, as in fixing 
head and eyes on any fine manual work or writing. In this class of 
‘Cruchet. TraiU dea Torticoliik Maason & Cie, Paris, 1907. 



SPASMODIC TORTICOLLIS. 


768 
( 

cases he says there is no spasm when the head is at rest, and he thus 
distinguishes this type from others. 

Patients sometimes find that there is some point upon the neck or 
heiul, pressure upon which will temporarily arrest the spasm, and they 
are inclined to pnalucc pressure upon this point either by resting the 
head upon the back of the chair or lying with the support of a pillow 
or compressing this point by the hand. Cruchet holds that when this 
is so, the case must be classed with the tics, and he attempts to estab- 
lish a “ mental typo ” of torticollis, in which the spasm is rather a 
psycho-motor act. Brissaud had previously distinguished a form of 
torticollis which he termed hysterical or mental because of the fact that 
some insignificant act would arrest the spasm by persuasion, and in such 
cases ho found hypnotic suggestion of use. For one patient who had 
a serious form of spasmodic torticollis which failed to respond to any 
treatment I devised a mechanical apparatus containing a lever which 
pushed a pad against the lower part of the occiput upon the left side, 
which pad could be made to press more firmly by a movement of 
adduction of iiis arm, and this apparatus was worn for many months 
with great relief. 

The spasm is not, as a rule, accompanied by any pain or by any sen- 
sory disturbances, though the muscles may become wearied by their 
constant contraction and may feel tired and stiff. Occasionally there 
is acute neuralgia in the back of the neck or in the occipital nerve. 
Oruchet considers these cases as reflex in origin and cites instances in 
which relief of the neuralgia by division of some branch of the occipital 
nerve has cured the spasm. Curshmann has recorded a case due to 
irritation of the auditory nerve. 

The act of walking or talking may intensify the spasm, and any 
attempt at effort of the arms occasionally is attended by an increase in 
the contractions. Thus one patient at present under my observation 
is prevented from writing by the occurrence of the spasm. The muscles 
that are affected may be seen and felt to contract, but sliow no changes 
to the electrical reaction. 

The spasm may extend from the sternomastoid and trapezius muscles 
to any or all of the deeper muscles moving the head. The splenius 
is affected in many cases, and in a few cases the deeper muscles of the 
back of the neck are all involved in the spasm. Under these circum- 
stances it is not unusual for Uie spasm to extend to the opposite side 
or to affect the superficial muscles on one side and tlie deeper muscles 
on the other, which act conjointly in turning the head. Symmetric^ 
muscles are rarely affected. If they are they usually act in harmony, 
producing a throwing of the head forward upon the chest or a turn- 
ing of it backward and an elevation of the chin. Sometimes in seri- 
ous cases of long duration the spasm extends to the muscles moving 
the shoulder, the rhomboids, the levator anguli scapulse, or the ser- 
ratus or pectorals; and in thesei cases movements of the arm are fre- 
quently associated with those of the head. (See Fig. 290.) The arm 
may 1^ adducted and flexed, wrist and fingers flexed, or it may be 
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thrown backward behind the body. Occasionally these spasms be- 
come so intense that the muscles of the back are also implicated, and 
the patient is no longer able to walk in an upright position and even 
while lying down is drawn around to one side, the curve of the spine 
being convex toward the unaffected side. This I have seen in one 
chronic case which lasted for five years and resisted all forms of treat- 
ment including division of the eleventh nerve. In cases where the 
head is thrown backward by contraction of the trapczii there is an 
associated movement of the frontalis muscle, and then the patient not 
only elevates the chin but has the appearance of looking upward 
forcibly, the eyebrows being raised. As time goes on the muscles 
that are affected increase in size on account of their constant exercise, 
so that the neck becomes perceptibly larger. 

The course of the disease is a chronic one. The spasm begins in 
slight degree, increases in. intensity, in frequency of attack and in 
duration of attack, so that within 

three months of the onset the F«o. 290 . 


patient’s life becomes a burden and 
all occupation has to be abandoned. 
In a few cases after a period of 
two or three months the spasms 
gradually diminish in frequency 
and cease, but tliey are particu- 
larly liable to recur from time to 
time, and these patients sufier from 
attacks of spasmodic torticollis 
throughout their lives. The/ dis- 
ease may occur after any illness. 
In many cases it continues for over 
a year with little intermi8sion,some- 
times being moderate in degree, at 
other times increasing in intensity. 
Even the more severe cases occa- 
sionally recover, the spasms gradu- 
ally subsiding and finally disap- 
pearing. It is not attended by 
convulsions or by cortical epilepsy, 
though I have occasionally seen it 



Tonic epenn of right trapeclui, ibomboid and 
ICTctor angull acapulie, of two yean' diintlon, 
following wtaaoplug.«ough. 


accompanied by considerable men- 

tE^ agitation, a distinctly hysterical mental condition developing as a 
result of the irritation of the continuous spasm. 

Cases recorded by Brodie and Gowers in which the spasm ceased dur- 
ing an attack of insanity are interesting. 

There are no pathological observations to determine the exact 


cause of torticollis. The disease is not primarily muscular nor is it 
to be ascribed to any lesion of the eleventh nerve or motor nerves to 


the muscles, inasmuch as irritation of the motor nerves docs not 


cause spasm. It may be r^rded as refiex in some cases, like facial 
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spasm and blepharospasm, as the result of a sensory irritation in some 
one of the sensory nerves of the neck. In these cases neuralgia may 
precede the attack. It has been known to occur as the early symptom 
in spinal caries and in meningitis or tumors of the upper part of the 
spinal cord. In the vast majority of the cases no cause can be ascer- 
tained. The hypothesis of a cortical origin of tliis spasm receives 
a certain amount of support from the fact that the movements arc quite 
similar to those produced by volitional effort, and in many cases mus- 
cles which lie upon opposite sides of the body, and are supplied by 
various nerves, join to produce the movement. The fact that the eyes 
arc not uncommonly turned involuntarily to the side toward which 
the face looks and tliat the eyebrows are elevated when the head is 
turned upward supports this hypothesis. When the arm is involved 
the motions produced are such as would be produced in a normal in- 
dividual straining to move the head in an extreme position of rotation. 
Anyone can substantiate this fact who makes extreme voluntary efforts 
to turn the head from side to side. 

Etiology. — The disease is more common in women than in men. 
It occurs in adult life between thirty and fifty years, though no age is 
entirely exempt. It usually occurs in persons predisposed to nervous 
disease by inheritance or subject to other forms of nervous affection, 
such as neurasthenia, migraine, or psychosis. It is not analogous to 
chorea nor does it follow attacks of chorea or facial tic. Occasionally 
it has been known to develop after a fall or an injury in which the 
head was forcibly twisted. It has been known to occur after exposure 
to cold and after an attack of rheumatism in the muscles of the neck. 
It has been known to follow otitis media and disease of the vestibule 
and labyrinth, and in i^ery many cases some defect of vision has been 
discovered which indicates that eyestrain may be a factor. It has been 
ascribed to insufficiency of the ocular muscles and also to myopia and 
hypermetropia. Both these conditions undoubtedly cause an involun- 
tary straining of the muscles of the neck in the act of vision, and occip- 
ital headache. None of these causes, however, seems to me of sufficient 
moment to originate the disease. I am disposed to regard it as usually 
a cortical affection dependent upon some irritating cause acting upon 
the cortical centres which move the head. This irritating cause may 
be exhaustion from voluntary overaction of the muscles consequent 
upon defects of vision, and it may be considered as an affection anal- 
ogous to the many forms of occupation neuroses. If this theory is 
accepted the functional disturbance is to be located in the Entire ner- 
vous mechanism involved in the movement of the head, the sensory 
elements and the motor elements being equally involved and thrown 
into a state of hypersensitiveness which results in slight sensations pro- 
ducing undue movements. 

Prognosis. — The prognosis in wryneck most be given with great 
caution, as the history of various cases shows such varied course. 
The more sudden the onset, the more intense the spasm, the more 
widespread the distribution, and the longer its duration the worse the 
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prognosis. The younger the patient, the less severe the affection, the 
greater the intervals between attacks, and the less the discomfort 
appreciated the more likely is recovery. 

Treatment. — The treatment of torticollis is unsatisfactory because 
we are ignorant of the cause of the disease. Various fomis of nerve 
sedatives have been used. I have found but little relief from hirge 
doses of bromide or from bromide and chloral. Valerianate of zinc 
and asafoetida have given somewhat better results, but the l)est effects 
have been obtained from large doses of tineture of belladonna, which 
may be gradually increased up to full physiological effect and usually 
cause a distinct improvement in tlie condition. Cannabis indica has 
also been of some service in the treatment of tliis affection. When 
the spasm is very severe and causes great distress opium in some form 
may be used, in tlie extreme cases by hypodermic injections of mor- 
phine. This usually gives considerable relief, but unfortunately leads 
to the morphine habit, to which several of my patients have snc(!umbcd. 
Hypodermic injections of atropine, grain increased slowly up to 
^ grain once daily, into the muscles affected have given relief in some 
coses, but have failed in others. Electricity has no effect whatever. 
If it is tried it should be in the form of a mild, continuous galvanic 
current, as it is futile to produce contractions in muscles alrciuly in a 
state of spasm. Attempts to strengthen the opposing muscles by elec- 
trical exercise should not be made, for even the greatest voluntary con- 
traction in the healthy muscles is incapable of overcoming the involun- 
tary spasm. Counter-irritation to the back of the neck by means of 
blistem and by the actual cautery not uncommonly gives a certain 
amount of temporary relief and may be used frequently if tlie skin be 
not injured. Mechanical supports of all sorts are involuntarily sought 
for by the patient, and apparatus may be devised for producing a con- 
stant support of the head, a rod carrying a pad being attached to a 
corset and thus held in position. 

Torticollis has been treated by sui^eons by division of the tendons 
of the muscles. This affords temporary relief, but docs not 8t»)p the 
spasm, which returns as soon as the tendons have united. It hits also 
k^n treated by division or by cutting out a portion of the eleventh 
nerve where it enters the sternomastoid muscle, or deep in the neck 
just at its exit from the skull. These measures certainly stop the 
spasm in the muscles supplied by the nerve divided, but very often 
after the division of the nerve the motion continues, and then it is dis- 
covered that the muscles lying deep in the neck upon the same side or 
upon the opposite side have originally been affected by the spasm. 
Kera has divided the upper four cervical nerves in efforts to paralyze 
these deeper muscles, an operation involving considerable difficulty on 
account of hemorrh^ and on account of the depth to which the wound 
must be carried. In some cases this has given relief, but after the 
nerves have regenerated the spasm has returned. In a discussion 
before the American Neurolo^cal Association in 1897 the consensus 
of opinion was against surgical treatment, yet all agreed that it afforded 
the only prospect of temporary relief in severe cases. 
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FABAMTOOLONUS MULTIFLEX. 

Paramyoclonus multiplex is a spasmodic affection of the muscular 
system, occurring bilatcnJly in symmetrically situated muscles attached 
at one or both ends to the trunk, and in muscles whose functiou is as- 
sociated with these, consisting of a series of violent clonic spasms of con- 
siderable rapidity and severity, occurring only at intervals; and associ- 
ated with fascicular tremors of the affected muscles, persisting during the 
interval between the spasms. It is not accompanied by any distur- 
bance of sensory or motor functions, excepting by an increase of the 
superficial and deep reflexes. The spasms can be excited by irritation 
of the skin or tendons. 

The causation is uncertain ; fright and anxiety or muscular strain 
in lifting weights or walking have preceded the onset in some cases. 
Males in adult life are more commonly affected. 

Symptoms. — The symptoms are quite characteristic. The spasms 
are bilateral and symmetrical. They are limited to certain muscles. 
In many cases the quadriceps femoris and flexors of the leg, and the 
so-callcd upper arm group of muscles, the deltoid, biceps, and supinator 
longus, were affected. In some cases the muscles of the back were 
involved, and the muscles of the neck contracted. In a few cases the 
glutei and the face and the diaphragm were involved. In no case 
have the muscles of the hands or forearms, of the feet or legs been 
affected. The usual limitation of the spasm to the body muscles with 
those of the tliighs and arms is very noticeable. 

The character of the spasm is also characteristic. It is a rapidly 
repeated clonic spasm occurring at intervals. In six cases, the rate 
of contraction has ' been counted. It has varied from 50 per minute 
to 180 per minute. In one of my cases it was about 90. It is not a 
sudden, single irregular muscular contraction, like that of chorea, but 
appears to be always bilateral and to involve several muscles of a 
physiological group at once, thus resulting in a series of movements, 
any one of which can be voluntarily made. In several cases a tonic 
contraction has occurred in one or more of the muscles affected, before 
or during the clonic seizure. In one of my cases the spasm of the 
diaphragm was tonic for one-eighth to one-quarter of a minute during 
each attack, and in the early attacks, the spasms of the back were tonic 
for some seconds. The clonic contractions continue, when once set up, 
for a varying time, from half a minute to ten minutes, and are suc- 
ceeded by a complete* interval of freedom from spasm. This interval 
varies from half an hour to about one week. During the spasm itself, 
the resulting movements are of a very violent nature. The head is 
thrown about by the movements of the body, rendering the patient 
dizzy. The body is tossed about in the chair, so that there seems to 
be danger of the patient being thrown out upon the floor. If the 
spasm occurs ^hilc he is walking, he is quite liable to be thrown down. 
But this violence is not always present — for in two cases the spasms 
were never severe enough to cause a movement of the joints, and were 
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only observed when the patient was stripped — being then of the nature 
of a fascicular twitching. In one case, such a iasciciilar muscular 
twitching was occasionally seen during the intervals in the muscles of 
the back and the pectorals. 

In the majority of the cases, any tapping of the tendons or any irri- 
tation of the skin was sufficient to produce a spasm. This seems to be 
an important point, for I am not aware that it has been observed in 
I hysterical or choreic spasms. It is true that, in hysterical cases, cer- 
tain zones or areas can occasionally be found on the body, irritation of 
which may cause or may arrest the attack. But in this condition the 
spasm is produced by irritation anywhere on the skin — or by hipping 
the tendons at the knee and ankle — and was not associated with dis- 
turbances of sensation, which are cliaracteristic of hysterical zones. 
The knee-jerk has been increased in about one-half of the casi!S. The 
skin reflexes were also increased in some ca.ses. Mental excitement 
seems to have predisposed to the onset of the s{)asm in three cases. 
Had the disease been hysterical in nature, this would probably have 
been observed in a larger proportion. Voluntary eftbrt stopped the 
spasm in four cases and made it worse in three cases. Had the dis- 
ease been hysterical, volition would probably not have influenced it 
favorably in the majority of cases. The spasm Inis ceased during sleep 
in four cases, but Inis continued in one case. 

In none of the cases have consciousness, motion, sensation, coortli- 
nation, or electric excitability been in any way affected — an important 
negative fact, since it proves at once that the condition is a functional 
neurosis, and makes it very unlikely that it is of an epileptic or an 
hysterical nature. In one case, which died of phthisis, a careful exami- 
nation by Professor Schultze, of Heidelberg, failed to reveal any lesion 
of the nervous system. 

It is evident from this review of the symptonuitology that the char- 
acteristics of the disease are quite distinct ; that it can Ik 3 differentiated 
from chorea, from hysteria, and from epilepsy. Is there any disease 
known which it at all simulates ? In tie eonvuhif, we have an affec- 
tion consisting of spasmodic contractions of irregular intensity and fre- 
quency, often attended by intervals of freedom. The resemblance to 
paramyoclonus multiplex is more than superficial, and has been noticed 
by several writers. But all seem to agree tliat in tie emvvMf tlic face 
is usually chiefly, if not exclusively, affecteil ; that the contractions are 
often single and unilateral, are liable to occur during voluntary motion ; 
that diefr intensity is not varied, but is quite uniform ; that the spasm 
is not produced or increased by external influences ; and that it is 
always a coordinate volitional motion which is product. Gilles dc la 
Tourette, it is true, has described a maladie des ties eonvuMfs, in which 
title he wishes to include those spasmodic affections described % various 
authors as jumping, coprolalia, myriachit. But here again there is a 
wide difference from paramyoclonus multiplex. It seems, therefore, as 
though the disease must be regarded as distinct from tie conwMf and 
as having a character of its own. 
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There is a condition described by Henoch as chorea electrica which 
in some respects resembles paramyoclonus. Henoch says that in 
chorea electrica we have a combination of true choreic movements 
witli clonic twitchings. The patients are quiet, and lightning-like 
twitehes occur from time to time, perhaps every five minutes or more 
frequently, especially on the muscles of the *neck and shoulders. 
There is also seen a twitching of individual muscles when the body is 
naked, not sufficient to move the limbs. These continue during 
sleep. The disease occurs between the ages of nine and fifteen, and is 
a manifestation of direct or reflex irritation of the nervous centres. 
The spasms afiect the head, hands and feet, and implicate all the 
voluntary muscles, including the diaphragm and larynx, so that the 
patient may growl and bark. It is evident that while the character 
of the spasm resembles that in paramyoclonus, the distribution of the 
spasm is more extensive in chorea electrica. 

Prognosis. — In regard to the prognosis, it may be said that this is 
favorable. The majority of the cases have recovered quite rapidly 
under treatment. In some cases, however, relapses have occurred. 

Treatment. — The treatment which has been of most service has 
been the application of strong galvanic currents to tlie spine and neck, 
and the application of the anode to sensitive points in case these exist. 
Many nerve sedatives have been used, and also nerve tonics. The 
exact eifect of these seems to be doubtful. In my own case, sedatives, 
tunics, and electrical applications had all been equally futile to arrest 
the attacks, but the patient had improved to a considerable degree 
under the varied treatment Under galvanism to the spine, arsenic 
and chloral, recovery occurred. The hypodermatic use of arsenic in 
the form of cacodykte of 'soda deserves a trial. 

It is useless to discuss the nature of the disease from so few cases 
as are at our disposal. It has been regarded as a functional neurosis, 
and to this all must agree, both on account of the absence of any 
lesion, in one case examined by the most competent neuro-pathologist 
in Germany, and on account of the absence of symptoms of organic 
disease and the recovery of the cases. Whether it has a central origin 
and is produced by a hyper-excitability of the brain or spinal cord, 
induced by the sudden vaso-motor spasm accompanying iright or 
mental or physical strain, as Friedreich believed, or whether it may be 
a reflex spasm due to some peripheral irritation which, being conveyed 
to the spinal and medullary centres, produces the spasm reflexly, as 
another author has suggested, remains for the future to decidd. t 

MTOOLONITS EFILEPST. 

This disease, first described by Unverricht, and lately studied by 
Lundborg, is an exceedingly rare affection combining some of the 
features of myoclonus with the condition of epilepsy. It is usually 
found in several members of the same family, though direct inheritance 
'has not been observed. It begins in chiliUiood and is chronic in its 
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course. It begins as a nocturnal epilepsy the attacks at first occur- 
ring but seldom, but bter increasing in frequency. The patient does 
not always lose consciousness ; but often awakens with a painful tonic 
or clonic and tonic cramp in different muscles. Sometimes rapid alter- 
nate muscular contractions occur in the extremities. Sometimes the 
contractions are so continuous as to make the limb rigid as in tetanus. 
Any attempt to move the limb increases the spasm and is painful. As 
these attacks increase in frequency a second stage of the disease is 
reached in which symptoms persist between the attacks. A tremor 
is always present, with fibrillary &8cicular contraction in the muscles, 
beginning in the hands and gradually extending to involve ail tlie 
voluntary muscles of tlie body. This tremor varies somewhat from 
day to day, and alternates with quick lightning-like twitches in the 
various muscles. The tremor stops during sleep. It is increasiHl by 
effort. A general stiffness and rigidity of the muscles finally develops. 
The knee-jerks are exaggerated. An increase of saliva and of perspi- 
ration has been noted. Sensory symptoms are absent. After some 
years a gradual failure of mental power is observed, and hallucinations 
or states of exaltation or depression have occurred in some cases. The 
patients arc finally confined to bed and die of cachexia. 

MTOTONIA OONOENITA. THOMSEN’S DISEASE. 

This disease, described in 1876 by Thomsen,* who was himself 
affected, should hardly be included in a treatise on nervous diseases, 
but may be mentioned, inasmuch as it produces a certain amount of 
paralysis. It is a congenital and inherited disease of the muscles, 
characterized by a marked hypertrophy of muscular fibres and a 
proliferation of the muscular nuclei. The muscular fibres differ in 
shape from the normal, being more circular and not polygonal in 
transverse section.* 

Symptoms. — The symptoms of the affection are a peculiar rigidity 
of the muscles occurring after they have been at rest for some time. 
The muscle is so firmly contractui^ that the patient cannot overcome 
the tonic spasm, and hence moves with great difficulty until the spasm 
relaxes. All the muscles of the body may be affected, and hence 
walking, running, and the use of the hands are very much hampered. 
The quick compensatory and automatic movements necessary in order 
to preserve the balance are so markedly interfered with that these 
patienti^ constantly lose their equilibrium and are liable to falls. By 
repeated attempts at movement and by constant exercise these muscles 
may be limbered up, so that at the end of a long walk these patients 
may walk in a nor^ manner, but any period of rest or the ordinary 
rest of night is always follow^ by a renewal of the hard contraction 
of the muscles. Patients are hampered all their lives by this abnormal 
.rigidity. Cold or damp weather, cold baths, great mental excitement, 

^Archiv f. F^ych., Bd. vi., a. 702 : also Bd. xxiv., s. 918. 

* Jacoby, Journal of Nervous and Mental Disease, March, 1887. 
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an^ sudden sensory impressions are said to increase the degree of the 
spasm. Active exercises decrease it. The patients have no other 
symptoms whatever, and hence the disease cannot be mistaken for 
anything else. The electrical contractility in the muscles is distinctly 
altered, a tonic contraction being produced by faradic excitement, and 
the reaction of degeneration being discovered on galvanic examination. 
£rb describes undulating rhythmical contractions starting from the 
cathode and passing to the anode. Mechanical excitability is increased, 
percussion of the muscle producing a sharp contraction of the muscle 
which remains for some time (fifteen to twenty seconds), producing a 
groove upon the skin. Pressure upon the muscles will also produce a 
firm contraction. As but thirty cases have been recorded in literature 
up to the present time, the affection may be contidered rather a 
curiosity. There is no known treatment. 



CHAPTER XLV. 

TETANY. 

Tetany is a spasmodic affection of the muscles of the extremities, 
attended by a characteristic and abnormal excitability of both muscles 
and nerves to mechanical and electrical stimulation. 

Etiology. — It is a disease usually observed in children, and boys 
are more subject to it than girls. It may occur, however, in adult 
life, rarely, if ever, in old age. It is probably a toxic neurosis, due 
to the presence in the blood of some product of gastric or intestinal 
indigestion. It is most common in children suffering from rickets, 
and usually develops in the spring months, in childron who have a 
poor digestion. It may occur in connection with severe diarrhoea; 
with gastric dilatation and gastro-enteritis ; with the existence of intes- 
tinal worms ; and sometimes after typhoid and other infectious fevers. 
In adults, it may occur as a complication of pregnancy, or with lacta- 
tion. It has b^n seen after poisoning witli chloroform, morphine, 
ergot and lead. It may develop in patients who have had the thyroid 
gland removed. It occurs as an epidemic in the spring in Austria, 
and chiefly among shoemakers and tailors. A similar epidemic has 
been observed in New York. This is probably due to a poison taken 
into the system from some article used in their trades. 

Symptoms. — The disease begins with numbness and parsesthesim 
of the hands and feet, attended by burning %nsations. Then suddenly 
the spasmodic contractions of the hands and feet appear. The thumb 
and fingers are closely pressed together at their tips, making the hand 
assume a cone shape, though sometimes the thumb is flexed in the palm. 
Or the hand may assume the claw shape seen in progressive muscular 
atrophy. The wrist is flexed and adducted, and the forearm is held 
across the chest by the flexion of the elbow and adduction of the arm. 
Bofli arms are equally affected. The feet share in the spasm, being 
arched and inverted, the ankles extended and the legs held in rigid 
extensicn. In a few cases the trunk is affected, the body being bent 
forward, as a rule. Occasionally the Jaw is fixed, and the facial mus- 
cles become rigid: the muscles of the pharynx, larynx and tongue 
may also be thrown into a spasm. Conveigent strabismus has h^n 
observed. The muscles of respiration are seldom involved. The 
extent of the spasm differs in different cases ; in some it is limited to 
the hands ; in odiers it involves many muscles. The intensity of the 
spasm varies. It may last only a few minutes, and be so slight that 
voluntary effort can overcome it. In other cases it lasts longer, even 
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several days, and the spasm is so severe that no force from without 
can stop it. It comes on suddenly and subsides gradually, but recurs 
in a series of attacks. The spasm is attended by pain in the muscles. 

In a patient suffering from the disease, pressure on any nerve or 
plexus will produce at once a spasm (Trousseau’s phenomenon). A 
galvanic current passed through the nerve will cause tetanus of the 
muscles instead of a single contraction, and the electric reaction is 
altered, anodal opening contraction being greater than cathodal closure 
contraction (Erb’s phenomenon), percussion of the motor nerves will 
start a spasm (Chvosteck’s symptom), and either percussion or elec- 
trical stimulation of tlie sensory nerves may start a spasm (Hoffman’s 
symptom). There is no loss of sensation. In some cases redness and 
o^ema oi the hands and feet, an excessive sweating, or a loss of the 
nails has been observed. The attack may be attended by a rise of 
temperature and a rapid pulse. 

The duration of an attack varies from one day to several months ; 
the spasms may occur only at long intervals, but the peculiar sensitive- 
ness of the nerves may last for a long time. 

Prognosis. — The prognosis is good in the majority of cases. When 
it occurs after thyroidectomy, or when the grastro-enteritis is compli- 
cated with dilatation of the stomach, the case may be prolonged and 
may be fatal. It is occasionally fatal in children, but usually because 
of the condition of the digestive tract. 

Treatment. — As the disease is due to a poison, it is wise to begin 
treatment by free purgation with castor oil. This is to be followed 
by the use of intestinal antiseptics of which salol and salicin are the 
best. The nutrition is to be kept up by careful feeding, and large 
■amounts of water are to be given. Lavage of the stomach and high 
enemata are of much service. 

For the spasms, large doses of bromide with small doses of chloral 
are the best remedies. Opium may also be given. All effort should 
be avoided. Friction of the limbs with oil of liniments may relieve 
the spasm ; or the limbs may be wrapped in hot cloths. When the 
disease is very severe during pregnancy, it may be necessary to induce 
premature lal^r. When it occurs during lactation, the child should 
be weaned. When it occurs after thyroidectomy, thyroid extract 
should be given at once, and continued for months. 

Success has lately been attained by the use of caleium lactate in 
15 gram dose three times daily.* 

’Kinnicatt, Amer. Jonr. Med. Sci., July, 1909. ' r 



CHAPTER XLVL 

PARALYSIS AGITANS AND TREMOR. 

Paralysis agitans, shaking palsy, or [Parkinson’s disease' is a 
functional disease of the nervous and muscular systems, characterized 
by tremor of the extremities, by rigidity of the muscles which pro- 
duces slow movements, abnormal postures and an unsteady gait with 
tendency to fall, and by abnormal sensations of varying intensity. 

Etiology. — The disease is more common among men tlmn women.’ 
While occasionally appearing in youth it is rarely siHjn before the 
thirtieth year, and is far more common in the presenile period, as 
shown in this table. 

Table XIX. — Aoe op Onset. 



20-30. 

30-40. 

40-30. 

so-oa 

60-70. 

70-80. 

Total. 

Male .... 

....2 

10 

38 

60 

32 

6 

1.S9 

Female.. 

....0 

9 

16 

40 

13 

4 

80 


2 

19 

64 

90 

46 

9 

219 


Occupation appears to have no influence on the development of the 
disease. Direct inheritancie can rarely be traced. In 16 only of our 
cases, some relative had suflered from the disc>asc. (lowers flmnd an 
hereditary tendency in 15 per cent, of his csises, and Wollenberg con- 
sidered 26 per cent, of his cases due to the inheritance of a defective 
nervous system. A number of cases in one family have been observed 
by Boigherini and by others. But in view of the other etiologiml 
fetors these conclusions seem to me questionable. 

The disease is usually attended by so many other evidences of old 
age that all authors regard it as a condition consequent upon senile 
changes. A tendency to tremor exists in all old people, even in those 
who do not have the disease, and some stiffness and slowness of motion 
often develops; hence it seems as if the symptoms were lately an 
exaggeration of the evidences of senile atrophy. 

The exciting causes of the disease appears to be emotional shocks, 
fright, wrry* or anxiety; traumatism, overwork, exposure to cold and 
fiardship. The disease sometimes follows acute diseases, grippe, ma- 
laria, typhoid and pneumonia. Any or all of these causes pnxluce a 
general weakening of the nervous system and thus start or hasten any 
process of retrogi^e evolution. I have seen many cases where it has 
followed soon upon a fright or a period of great anxiety. I have also 

* Farkiiwon described it first in 1817. 

’The statistics in this article were prepared by my assistant, Dr. T. Stuart Hart, 
from the record of the Vanderbilt Gimc between 1888 and 190A 
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known it to develop soon after a fall or blow. Thus a fall on the 
shoulder or an injury of one arm was soon followed in 31 cases by 
tremor in that arm. Sometimes the tremor develops in a part not the 
subject of direct injury. I have known it to occur as a sequel of 
neuritis, both in the arm and in the leg. 

Ssrmptoms. — Tremor is the symptom most constant, and usually 
the one first observed. It is a rather coarse tremor, of variable inten- 
sity, occurring continuously. It consists of alternate contractions of 
flexor or extensor muscles, so that the joints are in a constant state of 
rhythmical motion. It can be arrested for a few moments by an effort 
of the will, but is equally severe in effort or in rest. Occasionally it 
ceases for a moment but is quickly resumed. The rate is about five 
or six vibrations to the second. It ceases daring sleep. The origin 
of the tremor is an interference in the constant tone of the muscles, 
which is maintained by impulses going out from the motor centres. 
These impulses are so frequent as to be practically continuous in their 
effect on the muscles, but if they are impeded in their projection the 
effect becomes intermittent, and then in place of a normal muscular 
tone an intermittent tremor develops. 

The tremor begins, as a rule, in the hands or arms, one being affected 
for some months before the other (157 cases in 207). Occasionally it 
begins in the feet or legs (23 cases in 207). Sometimes both arm and 
1<^ on one side are affected together (8 cases), and if the rigidity comes 
on rapidly a hemiplegia may be suspected. In rare cases the tremor 
b^ns in the head (3 cases), or is general from the outset (5 case^. 
When it begins in the hands, the index finger and thumb are usualty 
affected before the other fingers. The affection is always noticeable 
in the handwriting, and this may first call attention to the disease. 
In 90 cases the tremor began on the right side of the body ; in 73 
cases on the left side. There is always an extension of the tremor 
from the part first affected to other parts, until in the end all extremi- 
ties are affected. It is usual for the tremor to extend from an arm to 
the leg of the same side, but sometimes it appears in the other arm be- 
fore the 1^ is affected. If it begins in the leg, it extends to the arm 
of the same side sooner than to the other leg. The rapidity of exten- 
sion varies greatly. In the majority of cases one or two years elapsed 
before an extension to a second limb was noticed, but in a few cases 
such extension occurred within a few weeks. In one case no extension 
had taken place, although the right hand had been tremulous for twelve 
years and rigidity with lateropulsioh was present. In another case 
all the extremities were involved within a year of the onset. 

Tremor of the head develops late in the disease in many cases. This 
is not to be confounded wi& the general oscillation (»nsed by the 
tremor in the arms. In not a few a tremor of the jaw or of the lips 
and tongue was noticed, and in rare instances of ^e eyelids. The 
eyeballs never oscillate. 

The patients often attempt to arrest the tremor by holding on to 
fibjadts. The habit of these patients, of pressing the thumb against 
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the first finger or of holding the fingers together to stop tlie tremor, 
has made the pen posture of the hand quite characteristic of die dis- 
ease. Active exercise or passive movements often mitigate tlie tremor 
for a time. The vibration of a railway train has the same effect. 
Any emotional strain, or the fact of being noticed increases it. 

Rigidity of the muscles is a symptom which follows tlie tremor after 
some years. Occasionally it is die first ^mptom to appear and 
may exist for a long time without any tremor. It is felt in the 
muscles of the neck and back, at first, but soon extends to the ex- 
tremities, and finally to every muscle of the body. The stiffness of 
the neck and back lead to a peculiar attitude characteristic of the dis- 
ease. The head is bent forward, the shoulders are roundctl, the body 
inclines forward, and all freedom of movement is lost. The arms are 
usually held to the sides, the elbows being flexed, the wrists extended 
and the first phalanges flexed. The other phalanges are extended. 
Abduction of the thighs is hampered and in walking the knees are 
approximate<l and the steps are short. 

The facial muscles are also stiff, so that there is little play of expres- 
sion and the face is like a mask. In fact it is often jwssible to recog- 
nize the disease from tlie peculiar facial expression, which shows none 
of the natural mobility in conversation and gives the idea of a lack of 
interest. 

The vocal cortls may be so rigid that the voice is reduced to a 
whisper. There were changes in the voice noticed in 120 of my cases. 
In 69 the speech was monotonous ; in 31 it was slow ; in 12 it was 
piping ; in 16 it was weak and feeble ; in 10 it was thick; in others it 
was jerky or tremulous. 

This rigidity hampers all movements, but it is not attended by 
paralysis in the' early stages. 

If asked to look around the patient does not turn his head, but 
slowly moves his entire body, holding his neck rigid. 

In the last stage, however, the rigidity may become so extreme that 
the patients are confined to a chair or to the and thus are virtually 

incapable of voluntary movement. Passive motions are then met by 
resistance, which is not tvpe in the early stage. The rigidity leads to 
a slowness of action from the first, and this is noticed both in fine 
movements, such as writing or dressing, or in the larger ones of rising 
from a chair or walking or turning the head or body around. 

The stiffness of movement and Ae peculiar posture in walking lead 
,to a characteristic gait. This i's at first stiff and slow, as instinctive 
balancing movements are hampered and as the body is thrown forward 
the centre of gravity is really in front. Hence the patient often feels 
as if about to fidl forward, and instead of standing erect hastens his 
steps almost to a ran and finally stops himself by seizing some object 
to keep him from fiilling. This is termed propulsion or festination. 
Occasionally a tendency to step backward is noticed. Thus if a 
patient attempts to reach up for an object, throwing the body back- 
ward, he loses his balance, and steps track several steps till he runs 
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against soraething. This rctropulsion may be set up by pushing the 
patient when he is standing still. Propulsion was present in 77 cases, 
retropulsion in 19 cases, and lateropulsion — a tendency to fall to one 
side — in 9 cases in my series. It is not a constant symptom. It may 
occur when there is no tremor. It never occurs without rigidity. 
The difficulty in balancing sometimes prevents patients from starting 
to walk. I have known several patients who, after being assisted to 
rise from a chair, had to be sway^ forward and backwa^ and given 
a little shove in order to enable them to walk. The power to begin 
stepping seemed lacking. 


Fio. 291. 


Fio. 292. 




FwiUoa amumed by patient aul^riag 
from psialyala agitana. 


Btgtdltr of back In paralyals 
agitana. 


In spite of the rigidity, the muscles remain in good condition, and 
do not atrophy or show any electric changes. In the last sta^ an 
atrophy from disuse is quite common. In 188 oases the deep'reflexetf 
were normal in 90, were exaggerated in 68, and were diminished in 
38. The knee-jerks were often unequal on the two sides, but this had 
no relation to tbe tremor. 

Contractions of the hands and feet occasionally develop in the later 
stages of the disease. The hands and fingers are then firmly closed 
and the feet in the- posture of talipes equinus. The toes are occasionally 
drawn under the foot. When the fiim becomes rigid, the saliva and 
tears may not be retained. 
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The rigidity of the muscles is often aocompauied by an aching feel- 
ing^ or a dull pain. There is also a great sense of restlessness, and the 
patients feel that they may get ease by a change of posture. Patients 
who walk with difficulty have to be helped out of the chair and helped 
about the room every little while, to obtain any relief. It is rare, 
however, for pain to be sharp or to keep a patient awake. Sometimes 
pain precedes the onset of tremor. 

Parsesthesiffi are very commonly complained of. Tickling, tingling, 
numbness, flushing, and sensations of heat and of cold arc felt, usually 
in the tremulous limb, often all over the body. The most common 
sensation is a burning feeling in the skin, and the skin may feel hot 
to the touch even when there is no internal rise of temperature. There 
is never any ansesthesia. Hyperidrosis was observetl in one quarter 
of my c^s, but the sweating was not limited to the tremulous limbs. 

A rapid pulse was occasionally noticed. 

Insomnia is a frequent symptom, and often requires treatment. 

The functions of the bladder and rectum are never abnormal unless 
some complication (such as enlarged prostate or hemorrhoids) is present. 

The mind is never affected, but patients often become impatient, or 
even morbidly depressed at tlieir helpless state, and crave sympathy 
and encouragement. A certain portion of the cases develop hemiplegia, 
but not more than is to be expected at the age affected. 

Oourse. — The disease is a slow one in its progress. It begins as 
a rule gradually and the tremor may last for many months before it 
becomes extreme or before rigidity develops. The posture and gait 
become characteristic only after several years. In any stage a remis- 
sion in symptoms may occur, and I have seen patients who had suf- 
fered for years and who were unable to walk without help or to talk 
above a whisper, restored to comparative health for some time. Any 
emotional strain may make the symptoms much more intense, or increase 
the rapidity of their development. 

Occ^ionally the disease begins suddenly after a fright or an emo- 
tional strain. A number of cases of sudden onset were recorded in 
France after the sieges of Strassbourg and Paris, and due to fright or 
anxiety. I have known several such cases. 

As a rule, the disease gets gradually worse, and after several years 
the patient is finally obliged to remain in a chair, and moves with 
great effort. 

In some cases the rigidity is the first symptom, and tremor does not ap- 
•pear fo# several years, after the face and voice and gait are characteristic. 

The duration is indefinite, as patients never die of tlie disease, but 
they never fully recover. 

Ihrognosifl. — This is unfavorable for recovery, but good for life. 

Diagnosis. — The symptoms are so characteristic that there should 
rarely be any difficulty in the diagnosis. It can be easily distinguished 
from multiple sclerosis by the facts that effort stops instead of increas- 
ing the tremor; that the speech, though weak, is never scanning; 
and by the fact that nystagmus does not develop. It cannot be mis- 
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taken for hemiplegia because of its gradual onset, slow extension of 
87mptoms, and the absence of any true paralysis. 

llie tremor of paresis is finer, is not continuous while the hands 
are at rest, and there is no rigidity or characteristic posture and gait 
in paresis. 

I^nile tremor usually begins in the head, and while it may invade 
the hands does not aifect the legs and is not attended by rigidity, or 
other i^mptoms of the disease. Senile parapl^ia from arterial scle- 
rosis and secondary sclerosis in the spinal cord, is accompanied by 
actual paralysis and ansesthesla, with disturbance of the bladder and 
rectum and a spastic gait which is not like that of paralysis agitans. 
The posture of hands and of the body in standing, the mask-like face, 
the gait, and the tendency to festination are not seen in any other disease. 

Theories of the Disease. — The lesions described by various ob- 
servers, such as degeneration of the motor cells of the spinal cord; 
arterial sclerosis in the finer spinal vessels and a perivascular sclerosis 
of the anterior horns ; and degeneration of the motor cells of the cor- 
tex of the brain, appear to be lesions of old age and not characteristic 
of the disease. It is possible that an affection of the terminal plates 
of the muscular nerves may be the true lesion of the disease, but this 
is as yet only a theory. Gauthier believes the disease to be primarily 
muscular in origin, and there is much to be said in &vor of this hypoth- 
esis Camp,' in a careful review of the various theories and on the 
basis of fourteen cases with autopsies, reaches the same conclusion. 
Moebius believes it to be due to autointoxication from some error in 
the metabolism, due in some cases to parathyroid disease, and this 
theory has been urged by Lundebuig* and Berkeley.® 

Gowers believes that the disease is of cortical origin, basing his state- 
ment on the &ot that in his observation the onset of hemiplegia caused 
a cessation of the tremor. But I have seen two cases in which the 
onset of hemiplegia has had no effect on the tremor whatever. 

The pathology of the affection must still be considered as unknown. 

' Treatment. — A life of congenial occupation without annoying care, 
varied by travel and by visits to health resorts, and under tiie wise 
direction of a good nurse who can give massage, is the best r^me for 
the patient. Diet has no influence on the disease. A warm climate is 
to be sought, as patients suffer more and are more rigid in tiieir move- 
ments in cold weather. In a chronic affection it is not wise to stop 
the patient’s work, as he is then more likely to worry over himself. 

Warm or tepid baths of twenty minutes duration either morning oi; 
evening, not followed by cold shocks, afford relief to the rigidity. 
Massage is also of great service and may be kept up indefinitely. The 
lomi lomi method of Hawmi is of especial use. Passive motions often 
give relief to the feeling of fiitigue and may lessen the tremor and 
rigidity. Vibration is a^ of benefit, especially the forms obtainable 

* Jpur. Amer. Med. Assoc., April 13, 1907. 

’Deut. Zeitschr. f. NenrenheilKunde, 1904-3. 

» • W. L. Berkeley, Medical News, December, 1906. 
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in the Zander institutes, where the entire body can be shaken,* or 
vibratory pads can be applied to the spine. Electricity is of no use. 

Though the course of the disease cannot be aifected by drugs, some 
of the symptoms can be mitigated. 

The tremor may be diminished, and even arrested for a time by the 
use of hyoscyamin. A tablet of grain may be given at first every 
6 hours, then more frequently, the dose being increased till the tremor 
is diminished, and then kept at that point Thus in some patients 3 
such doses daily are sufficient. In others twice this amount may be 
required. The dryness of the mouth and the dilatation of the pupil 
are evidence that enough is being taken, and the dose should not be 
pushed as it is a poison. The use of the drug may be kept up for 
years with l)enefit. It is aided by the simultaneous use of codeine in 
^ grain dose. This is not to be increased beyond three doses daily. ' 
Duboisin sulphate in grain dose may be u^ if hyoscyamin &ils. 
I have not found it as efficacious. Cannabis indica in pills of | grain 
each, three or four times a day, may be of service. Small doses of 
tincture of veratrum viride (2-Jl drops in water 3 times a day) some- 
times diminish the tremor. Tincture of gelsemium is often of service. 
Arsenic is a remedy which has some reputation, and though it does 
not affect the tremor it may lessen the rigidity. It is to be used with 
caution, never continuously. In the very last stage of the disease 
when the rigidity is painful and the patient helpless, die codeine may 
be increased in amount or morphine may be tised to give relief. 

The use of parathyroid grain in tablet 3 or 4 times daily is uiged 
by Berkeley and is still under trial. 

The rigidity is decidedly benefited by warm baths and by massage. 

The insomnia may require treatment by trional, veronal, or the 
bromides. 

Tremor. — Tremor is a symptom which may be present under 
various conditions. There are toxic tremors from alcoholism and 
lead and mercury poisoning. There is a tobacco tremor often asso- 
ciated with tobacco heart. Neurasthenia or any exhausting disease 
may lead to a fine tremor. These tremors can cured by removing 
the cause. 

Hereditary tremor develops in some families in middle life without 
known cause. It affects tlie hands chiefly though after a time the 
le^, the head and the chin may be involveil. It is never very in- 
tense but persist through life — the chief inconvenience being felt in 
the act of writing. It is increased by mental or physical effort, also 
^)y coffee and tobacco. 

Senile tremor appears in some persons after the age of fifty. It 
usually b^'ns witb a slight lateral oscillation of the head. Later the 
hands may be affected. It also pensists to the end of life. 
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CHAPTER XLVII. 

EPILEPSY 

Epilepsy is a disease of the brain, characterized by the occurrence 
of attacks at intervals, there being no symptoms between the attacks. 
The attacks which occur may be of three kinds — slight attacks, or 
petit mol; severe attacks of convulsive nature, grand mcd; or psy- 
chical attacks. 

The petit mol atlaek consists of a sudden loss of consciousness, last- 
ing a few seconds only, and often not appreciated by the patient. He 
may turn pale, his pupils may dilate, he may gave a slight start or 
twitch or sigh, or he may turn his eyes or h^, or close his eyelids. 
He may stop, if walking, and sway as if about to fall. He may make 
some sound, smacking &e lips, or attempting to speak, or groaning in 
a low tone, or merely catching his breath. If talking he may hesitate, 
stare in an abstracted absent-minded manner for a second, and then 
resume the conversation, wholly unavrare that he has acted in a pecu- 
liar way. Some patients will suddenly run forward, or in a circle, for 
a few seconds, rapidly, without any apparent object and be unable to 
explain the act. This has been termed procurgive epilepsy. It occurs 
in children and is often the first sign of the disease. It continues and 
is usually succeeded by attacks of grand mal, in which the running 
may constitute the aura. I regard this as evidence of cerebellar irrita- 
tion. Sometimes in infants a scries of movements of the head and 
body, a swaying forward and backward, has been observed attended 
by a vacant stare. This has been called atiede salaam,. It is a form 
of petit mal and often goes on to grand mal. 

In some cases the patient becomes suddenly conscious of a sensation 
which is forced upon his attention and so occupies his mind that he 
disregards everything else. The sensation may be one of vertigo, or 
a sinking feeling, or a sense of distress in the stomach, or a palpitation 
of the heart, or an indefinite abdominal feeling. It may be a light, 
or a blurring of vision ; it may be a sound like a ringing in the ears, 
or a single tone, or a crash ; it may be a smell or a taste ; iti may be 
a tingling feeling in the skin of any part of the body, usually in one 
limb. It may be the sensation of a twitching of some muscles, and 
the twitching may actually occur for a few seconds. Consciousness is 
lost for a few seconds after this abnormal sensation, and when regained 
the patient has a knowledge of the sensation only, which has then 
passed away. Some patients are slightly dazed after such an attack 
of petit mal ; some may even go to sleep ; but the majority pay no at- 
tention to the attack and resume their ordinary condition after it is 
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over. Many deny th^ occurrence of any attack, being entirely uncon- 
scious of it, and hence having no memory of it. 

Attacks of petit mal may be the only manifestation of epilepsy. 
As a rule they are not. 

The grand mal, or severe attack of epilepsy, consists of a sudden 
loss of consciousness, followed by a general convulsion, and by a 
period of stupor, from which tlie patient recovers with no memory 
of what has occurred. 

Epileptic convulsions are preceded in about one half of the eases, 
by a conscioiis sensation, which is recognized after a time as an inevit- 
able precursor and warning of an attack. It is called an aura. An 
aura was present in 760 cases out of 2,000.* Its character was as fol- 
lows, in order of frequency : 

Tabus XX. Kind of Auba. 


Epigaiitric Beni»tion 198 

Vertigo 158 

NummtciH in one or both ariUB. 76 

Yisoal liallucinations or blindness 68 

Mental states with fear or depression 51 

Cardiac sensations 34 

Auditory hallucinations. 30 

Abdominal sensations 25 

Kumbness |n one or boUi legs 27 

Kumbness in the face 22 

Respiratory sensations 16 

Hallucinations of smell 8 

Feeling of cold or heat 8 

Nausea 6 

Hallucination of taste 5 

Numbness in the trunk 4 

Sensation of thirst 4 

Rush of blood to the head 4 

Sleepiness 4 

Hallucination of taste and smell 1 

Sensation of hunger. 1 

Flow of saliva 1 

Diarrhoea 1 

Tremor 1 


A variety of sensations not included in this list may occur as auree. 
Thus tremor of one extremity or an indefinite sense of tremor tiirough 
the body, a twitching of some muscles, grinding of the teeth, a sucking 
motion or a clicking made by the tongue, a harsh cough or a sudden 
yawning may occur at the beginning of the attack before consciousness 
is lost. ^Some epileptics stop suddenly if walking, make balancing 
iflovements or turn about; others start up and walk or run a few 
steps ; others run about in a circle and then fall in a fit. There is a 
dim consciousness of such acts and they are remembered afterward as 
the invariable precursor of an attack. Among the visual aura the 
seeing of colors, especially red, or of figures is not uncommon. One 

* The statistics in this chapter are based upon an analysis of 1,750 cases from my 
clinic, prepared for me by Dr. L. Pierce Clark, and on 250 consecutive cases in my 
private practice. 
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patient always secs a figure resembling little red riding hood, another 
sees a dragon head, another the . form of a new moon. To others the 
objects about them seem to grow smaller or larger as they lose con- 
sciousness. Hughlings Jackson has described an intellectual aura 
which he called a dreimy state. In this some recent events of the 
patient’s life seem to pass through his mind rapidly, a sort of forcible 
reminiscence of experience which holds his attention. In a patient of 
F6r6 tlie attack began with a doubt of the existence of the Deity. It 
is therefore evident that in every form of mental activity of which we 
have recollection a sudden forcible presentation of the contents of the 
mind without volition may occur as an aura of an «pileptic attack. 

The aura is uniform in each patient, and does not vary its character 
in different attacks. It is more likely to occur in light cases. It is 
evident that the aura constitutes the attack of petit md in many cases; 
and patients who have grand mal attacks with an aura often perceive 
the aura without having a convulsion. The duration of the aura is 
not more than a few seconds, but it leaves a memory, which is usually 
the only means the patient has of knowing that an attack an occurred. 

After the aura, or without any warning, there is a sudden loss of 
consciousness which is more lasting than in petit mal. A deep inspira- 
tion or expiration occurs, and if the glottis is fixed at the time this 
causes a groan or a cry, often low, sometimes sharp and loud. The 
head and eyes turn to one side, or upward or downward, or a fixed 
stare appears. The face turns pale. The pupils dilate. Equilibrium 
is lost and the patient falls heavily, often injuring himself. Then all 
the muscles become rigid, in a state of tonic spasm. The respiration 
ceases and cyanosis follows. The eyeballs bulge, conjunctival hemor- 
rhages occur. The jaw^ closes and the tongue is often bitten. The 
hands are closed, the thumb being shut in by the fingers, the limbs are 
sometimes fiexed, sometimes extended. It is more usual for the arms 
to be bent and the legs straight. They are not symmetrical on the 
two sides. The stomach, bladder, seminal vesicles and rectum, if full, 
are sometimes emptied by the tonic- spasm of the muscles. This tonic 
stage lasts from 5 to 40 seconds. 

A general convulsive movement of the face and limbs ensues, con- 
stituting the clonic stage of the attack. The motions are at first small 
in extent, and jerky in character, but soon become larger and faster 
and more violent, until the entire body is writhing in a general con- 
vulsion. The h^ is turned from side to side, the jaws snap, the ey^ 
roll, the face makes grimaces, of a horrible kind, the tongue is thrust 
out, saliva flows, and the arms and le^ are twisted in all possible 
positions and contortions. Injuries own occur in consequence, and 
dislocations of the joints, especially of the shoulder and jaw, may result. 
If the tongue has not been bitten in the tonic stage it may in the 
clonic. Respiratory movements relieve the cyanosis but are irr^ular, 
often deep and stertorous, and the saliva and blood flow from the moutli 
and are churned into a frotk which covers the lips. Every possible 
attitude may be assumed, and the position of the limbs is rarely qrm- 
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metrical on the two sides. After a continuance of thege convulsive 
movements for a varying period, from one to five minutes, the spasms 
gradually become less frequent and severe, and finally cease. Deep 
abdominal respiratory movements continue for some seconds at the end. 
The patient does not, however, recover consciousness immediately, but 
gradually comes to himself. He is at first dazed, does not know what 
has happened or where he is, and requires some time to return to his 
normal state of mind. His last memory is of the aura with which the 
fit b^n, and his first perception is usually of fatigue in tlie muscles, 
or of some injury received in the fit. In a mtijority of cases the 
patients pass directly from the convulsion into a comatose state, and 
cannot be aroused. In this the pupils are contracted, the body is cov- 
ered with sweat, and the odor of the breath is very offensive. Others 
regain consciousness, appreciate that an attack has occurred, and then 
voluntarily compose themselves to sleep from which they may be 
wakened. Coma or sleep may last several hours. On waking, or on 
coming out of the coma, the patient feels dull, is much fatigued, has 
headache, and sometimes vomits. Occasionally a true paralysis of the 
exhausted muscles, or a state of aphasia, or of blindness or deafness or 
of impaired sensation, remains for a few hours. Babinski has ol)gerve<l 
an exaggeration of the deep reflexes with ankle clonus and extension 
of ithe great toe on scratching the foot (Babinski’s reflex j, also a loss of 
the anal reflex during and after a grand mal attack, and tliese physical 
signs he considers of great importance as differentiating an epileptic 
from an hysterical convulsion. A slight rise of temperature has been 
observed during an attack. The urine after an attack is often in- 
creased in amount and contains an excess of phosphates and urea, and 
sometimes albumen. Intestinal disturbances and diarrhoea occasionally 
ensue. As a rule, the patient has fully recovered after twenty-four 
hours and is then in his usual state of health. 

Every possible degree of severity of attack has been seen in epilepsy, 
from the slightest form of petit mal attack, up to a severe type of 
grand mal. In fact it is often impossible to determine to which class 
the attack is to be assigned, some authors describing as petit mal a 
condition which others consider gntad mal. In many patients both 
types of attack occur. 

If the attack occurs during sleep only the patient may for years have 
no knowledge of his disease as he may not be awakened by the fit and 
may pass from it into a deeper sleep. Unusual fatigue or pain felt on 
waking, At intervals, should always excite suspicion of the possibility of 
nocturnal epilepsy. 

A convulsive movement of one-half of the body, quite similar in its 
characteristics to the general convulsion of epilepsy but not often 
attended by a loss of consciousness, first describe by Hughlings Jack- 
son and hence called Jdokmnian epilepay, may occur. This is now 
regarded as a positive symptom of organic focal disease of the brain, and 
has been fully describe on page 91. Jacksonian attacks sometimes 
occur in the coarse of epilepsy, but should not be classed with this disease. 
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Sometimes one grand mal attack follows anotker in rapid succession, 
so that the patient passes from the first coma into another convulsion 
and these alternate. The condition is then known as giaiua epUepticua. 
As many as a hundred convulsions may occur in a day, and if they 
continue two or three days the result may be fatal. In this condition 
the temperature gradually rises to 103° or 105°, the pulse becomes 
rapid and feeble, the respiration rapid and irregular, and death occura 
from exhaustion or heart &ilure. One quarter of epileptics die in 
status epilepticus. 

The third type of epileptic attack has been termed a psychic aMack 
or mental epileptic equivalent. These attacks differ from major and 
minor attacks in the fact that there is no aura and no apparent loss of 
consciousness. While the patients may seem dazed and peculiar, they 
appreciate thdr surroundings, and answer questions properly. On 
the other hand, the state of consciousness is not normal, for after the 
attack is over there is no memory whatever of anything done or said 
while the attack is in progress. This form of attack is rare. It dif- 
fers in each patient, and is not uniform in the same patient. Thus one 
of my patients who is fond of music will suddenly abandon anything 
he is doing, go in search of his violin, play it for a few minutes, and 
then carefully hide it away in some unusual place. He then lies down 
on any convenient bed or sofa, or on the floor, and appears to sleep for 
a few seconds or a minute, and on waking is unaware of having done 
anything unusual. If asked about his violin, he does not know that 
he has touched it, and is unable to find it. ' In two attacks it has been 
so well hidden tliat it has not been found until in the next attack he 
has gone to its hiding place to get it in order to play it again. This 
young man has never had a major or a minor attack. 

Another patient becomes suddenly overcome by a feeling of intense 
depression, a deep melancholia; he feels that he has sinned; he is 
inclined to commit suicide, but is oppressed by a sense of physical 
weakness and soon falls asleep, waking in a few minutes perfectly well 
and happy. 

Many patients who are said to present states of double conscious- 
ness are probably suffering from phobic epilepsy. A person may stop 
his work, or leave his home and wander away, start on a journey, go 
to some other place and be gone several days, finally coming to himself 
in a strange locality, and not know how he got there and ^ unable on 
his return to give any account of his actions, as he has no memory of 
what he has done during the period of amiidatory automatism, as k 
was termed by Charcot. Another form of psychic attack is less harm- 
less. A patient will suddenly get into a terrible rage without cause, 
will abuse relatives or friends, or even address perfect strangers 
with insults, will attack those who attempt to restrain him and may 
commit homicide in his rage. Others attempt to set fire to things 
about' them or^commit sexual assaults. The attack will subside as 
suddenly as it begun, and the patient has no memory of it. Thus 
one of my patients, a devoted mother, has sudden attacks of this 



EPILEPSY. 


791 


kind in which she has attempted to kill her children. Anothef, a 
young man developed such attacks ailter a fracture of the skull, and 
was cured by trephining. These attacks are called epileptic mania. 
Some psychic attacks are less severe, a sudden intense fear and dread 
of impending evil or danger takes possession of the mind, and the 
patient seems to suffer intensely. Such a patient may suddenly start 
and run for some distance, and on coming back to normal conscious- 
ness be unable to account for his conduct and have no memory of his 
mental distress. Some patients have a sudden arrest of thought and 
pass at once into a dreamy state from which tliey cannot for a time be 
aroused to full consciousness. When they awake they have the indis- 
tinct recollection of a dream but no acute consciousness of anything 
said or done in their presence while in the dreamy state. Some patients 
experience an overwhelming desire to sleep, fall asleep, nod or snore 
once, and then awake, being dazed for a moment afterward. 

Inasmuch as peculiar mental states often follow attacks of both 
petit mal and grand mal, it has been held by some authors that the 
psychic attack is always the sequel of a major or minor attack and 
should not be consider^ as an equivalent of an attack, but as a post- 
epileptic phenomenon. To tliis 1 do not wholly agree, as evidence is 
wanting of any form of minor or major attack preceding the mental 
state in many cases. 

The relative frequency of the different types of epileptic attack is 
shown in the subjoined table. 


Tabu XXL— Chabactbb or Attacks ik 2,000 Cases. 



Cues. 


Cues. 

a 


Gnuid mal and psychic 

3 

Grand mal 

1,150 

Grand mal, petit mal and psychic... 

6 

Grand and petit mal 

689 

Petit mal and psychic 

2 

Petit mal 

179 



Jacksonian 

37 

b 


Piychic 

16 

Diurnal and nocturnal 

882 


10 


638 

Grand and petit mal and Jack- 


Nocturnal o^y 

380 


Bonian 8 


It will be seen that every com'bination is possible, but that the 
psychic type is quite rare. 

The second part of this table shows the tendency to a special limi- 
tation of the attacks in some cases to certain times of the day. It has 
long been noticed that some epileptics have attacks at night only — 
'others at certain hours of the day only. But the majority of cases 
have attacks both by day and by night. Dr. L. Pierce Clark, who 
has made a special study of the Daily Rhythm of Epilepsy,' has pre- 
pare the annexed chart which is of much interest. 

The condition of the patient between the attacks may be that of 
perfect health and of normal mind. This is the rule in the beginning 
of the disease, or when the intervals between tlie attacks are long. 

'Medical Xem, July 18, 1903. 



792 


EPILEPSY. 


But the tendency is for these intervals to become shorter, and when 
attacks are occurring with considerable frequency the majority of 
patients cannot be called well or normal between the attacks. There 
is a gradual development of dementia in the chronic severe cases. 

The uaticU course of a case of epilepsy is as follows : The disease 
begins in early life. One convulsion is followed after a year or more 
by a second, and this, in turn, after a few months by a ^ird. Then 
the attacks become more frequent, — two months or six weeks may be 
the usual interval in some oases; in others, attacks occur every week; 
in very severe cases two or three times a week. Not imcommonly 
several attacks occur within a few days, and then after an interval of 
two or three weeks another series of attacks occur. The tendency is 
for the attacks to increase in frequjency, until $ regular interval is es- 
tablished after five years, and at this interval the patient continues to 
have attacks all his life. As a rule, the course of the disease is modi- 
fied by medicines. These reduce the frequency of the attacks just in 
proportion to their previous frequency. Thus when a patient has had 
attacks once a week, treatment may prolong the interval to once in two 
months ; if he has had only two attacks a year, he may go three or 
four years without an attack if his treatment is kept up. When 
treatment is stopped the attacks recur. The general effect of the 
attacks upon the physical condition is not serious. Patients often 
suffer from injuries during an attack, and most epileptics can show 
scars, but the health may be good. The more serious effect of the 
disease is upon the mind. Children who suffer from epilepsy cannot 


TAB1.K XXII. 



Shovlag the hour of the dej it which iittaoks occurred 1b 16(^000 epileptic lelsuret. 

n 

^ * • 

go to school, and therefore grow up with an imperfect mental training ; 
they are difficult to control, being moody, fretful, ill-tempered and 
i undisciplined ; and at puberty they often Income victims of self-abuse 
with its attendant neurasthenic symptoms. Then they drift into a 
state of mental weakness and require the same care which is given to 
imbeciles. Epileptics lead necessarily a semi-invalid life, cut off from 
occujmtion and society. They therefore become morbid, hypersensi- 
tive, timid, untrained an their mode of thought and action, have few 
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interests outside of themselves, and are difficult to mant^. Many 
gradually develop mental peculiarities ; become foi^tful, irritable in 
temper, incapable of concentration of mind or effort, suspicious of their 
relatives, and show evidences of a weakened mind. A small per- 
centage develop active mental symptoms and go on to some form of 
insanity ; either temporary attacks of mania with sudden onset, which 
necessitates constant restraint ; or epileptic dementia, in which a pro- 
gressive loss of mind is observed. The same mental deterioration is 
observed in the cases of petit mal and of psychic epilepsy as in the 
cases of grand mal. A few patients die in a fit from suffocation or 
from cardiac failure. Many go into the status epilepticus and die. 
But the large majority go through life die victims of the affection, and 
die from some other disease. 

There are many exceptions to tho usual coarse described. Thus 
some patients have attacks only every three or four years, show no 
signs of mental deterioration and no ill effects of the affection. Caesar 
and Napolean were examples. Otheis have a series of attacks in youth, 
and then appear to outgrow the disease and have no further attacks, or 
only rare attacks at very long intervals. Some patients have attacks 
only after alcoholic or sexual indulgence. Some women have attacks 
only at the menstrual period. This does not, however, imply any 
uterine or ovarian disease, and attacks may not cease after complete 
removal of the oi^ns. Some chronic epileptic women are entirely 
free from attacks during pregnancy, but this is not the rule. Many 
epileptics are free from attacks during the course of any infectious 
disease, such as typhoid or malarial fever, erysipelas and diphtheria, 
scarlet fever and pneumonia, and in some coses after such diseases the 
patient is better for mouths. Spratling ' states that when pulmonary 
tuberculosis develops in an epileptic and is active from the onset, the 
attacks of epilepsy may cease for some months or even years. In the 
majority of patients physical exertion, dancing, hard riding, or fatigue, 
or mental strain, anxiety or fear or fright, will induce an attack. 

While many epileptics present a normal appearance, there are quite 
a proportion which show some of the marks of degeneration. Abnor- 
mal contour of the skull, a micnxKiphalic head, a projection of the 
occipital bone, a very high arched palate, irregular teeth from narrow 
jaws, peculiarly shaped ears, and unusually large hands and feet are 
found, especially in the patients with bad inheritance, in whom the 
disease has developed early. It is in these {mtients that mental pccu- 
Jiarities^re frequently observed, either dulness, stupidity, aud ungov- 
ernable temper, or marked talent in one direction with incapacity in 
others. In all epileptics the pupils are constantly dilated, and when 
they contract to light they soon dilate again and vary in size. This 
symptom is called hippus. During an attack the pupils are dilated. 
The facial expression of an epileptic is usually one of stupidity or 
viciousness, or is indicative of a lack of mentality. The actions may be 
awkward and the gait slouching and irregular. Clark and Scripture* 

* Joar. Atner. Med. Amoc., Nov. 7, 1908, p. 1616. 

’The Epileptic Voice 8i^, N. Y. Med. Record, Oct. SI, 1908. 
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hold that the voice is peculiar, having a monotonous character, that is, 
the successive sounds do not vary as much from each other as normal 
sounds do and this they prove by the Tambour method. 

Etiology. — 1. Age and Sex. — The following tables show that the 
disease is one of early life, 68 per cent, of the cases developing before 
the age of twenty-one, and comparatively few appearing afler the age 
of twenty-five. 






Tabde XXllI. 






Age. 


Cases. 

Age. 

Cases. 

Age. 


Cases. 



1 yr. 


67 

11 yrs. 

74 

21 yrs. 


66 



2 yra. 


93 

12 

(4 

62 

22 » 


61 



3 “ 


80 

13 

44 

77 

23 « 


63 



4 “ 


65 

14 

44 

74 

24 “ 


37 



6 “ 


58 

15 

44 

114 

26 “ 


28 



6 “ 


49 

16 

44 

85 

20 » 


26 



7 “ 


53 

17 

44 

92 

27 “ 


28 



8 “ 


60 

18 

44 

71 

28 “ 


29 



9 » 


47 

19 

44 

, 64 

29 “ 


17 



10 “ 


66 

20 

44 

42 

30 “ 


23 





618 



'755 



308 


Age. 

Cases. 

Age. 


Cases. 

Ago. 

Cases. 

Age. 

Cases. 

31 

yrs. 

42 

41 ym 


12 

61 yrs. 

3 

63 

yrs. 

2 

32 


14 

42 « 


6 

62 “ 

3 

66 

•^44 

1 

33 

<1 

18 

43 “ 


8 

63 “ 

1 




34 

u 

18 

44 “ 


4 

64 “ 

2 




35 

<4 

13 

45 •' 


7 

65 “ 

1 




36 

44 

14 

46 » 


6 

60 “ 

0 




37 

44 

11 

47 « 


9 

67 “ 

1 

70 

44 

1 

38 

44 

11 

48 “ 


4 

68 “ 

2 

74 

44 

1 

39 

44 

13 

49 “ 


5 

69 » 

2 

70 

44 

1 

40 

44 

6 

60 « 


2 

60 “ 

2 






160 



63 


18 



6 



Sex. 


Males 1163. 


Females 837. 




Among my own cases there were more males than females, but other 
authors have found little difference between the sexes. 


Tabu: XXIV. — Hebeditary Factors Noted in 700 Cases. 

Caaea. 

Epilepsy in a near relative ? 136 

Alcoholism in a parent 120 

Nervous diseases 118 

Rheumatism ! 108 

Tuberculosis. 76 

Alcoholism and rheumatism 38 

Rheumatism and nervous diseases. 18 

Tuberculosis and nervous diseases 19 

Tuberculosis and rheumatism. 16 

Alcoholism and tuberculosis 16 

Alcoholism and epilemy ; 7 

Alcoholism, nervous disease and tuberculoeb 6 

Rheumatism and epilepsy 3 

Alcoholism, rheumatism and tuberculosis 2 




2. Heredity. While a direct inheritance of epileptic attacks in the 
^children of epileptic parents is quite rare in my experience (17 cases in 
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2,000 only) it is admitted by all writers of experience that the most 
potent prraisposing cause of epilepsy is a neuropathic inheritance. A 
weak nervous system is a sign of defective development of the most 
highly specialist oigan of the body. And any factor which impairs 
the health of a parent may easily affect the development of a child. 
This may be a constant factor like a bad constitution or a temporary 
factor like intoxication. In 700 of my cases some such factor was 
noted as shown in table XXIV. 

These require some comment. Epilepsy is often present in a number 
of members of a family. Thus it is not at all uncommon to get a his- 
tory of epilepsy in an aunt, uncle or cousin of a patient, even if the 
father and mother are free from tlie disease. And if inquiry is made 
in regard to the third generation, a common ancestor is often found to 
whom ail the cases in the several branches can be traced. In my list 
there were 17 epileptics whose parents had epilepsy, there were 119 
who had aunts or uncles suffering from the disease. 

Alcoholism in a parent is the next factor which causes the develop- 
ment of a weak nervous system. While the statistics show only 120 
such cases of epilepsy, there is every reason to believe that they are 
more common than is stated. In my private practice I find this a 
most common predisposing cause of nervous disease in the offspring. 
The constant use of alcohol is just as detrimental to the nervous system 
as its occasional abuse, and just as likely to show effects in the next 
generation. A fact which appears to confirm this theory is die rarity 
of epilepsy in Mohammedan countries were alcohol is forbidden. 

Actual organic nervous diseases in a {wrent, such as locomotor ataxia, 
multiple sclerosis, chronic affections of the brain or spinal cord were 
ascertained to exist in 118 cases. Here again the defective nervous 
system of the child could be ascribed to inheritance. 

It seems to me uncertain that rheumatism and tuberculosis in a 
parent can have the direct effect of producing epilepsy in die child. 
But in the statistical investigation, these factors were inquired into, 
and a history of such a condition was obtained in 108 and 76 cases 
respectively. These are conditions which impair general vitality, and 
a person suffering from them is qprtainly more unlikely to produce 
healthy offspring than one who is in a state of health. The weakness 
in the child may show itself in a predisposition to rheumatism or to 
tuberculosis. It may also show itself in an imperfect development of 
the nervous system and this may lead under proper exciting causes to 
epilep^. 

It is natural to suppose that any combination of these factors will 
exert a greater influence than any one of them alone. But these factors 
do not exhaust the list. The neurasthenia of modern life due to over 
anxiety and over strain of a mental kind reflects itself on the offspring 
and is a cause of epilepsy in very many cases. Chronic ill health of 
a kind not primarily nervous, such as the chronic toxaemia of digestive 
disturbances, of the infectious diseases, especially malaria, must be con- 
sidered as a predisposing cause of epilepsy. 
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Inherited syphilis is an occasional cause, not always recc^ized. In 
one of my patients the appearance of Hutchinsonian teeth was the first 
suggestion of this factor, and his attacks, which no other, form of treat- 
ment had diminished, have ceased entirely on mercurial treatment, and 
the patient has grown to be a healthy man. He has now been free 
from attacks for six years. 

It has been stated that the children of workers in lead are likely to 
be epileptic. Of this I have no proof, in my experience. 

3. Exciting Oauses of the Disease. — In the majority of cases of epi- 
lepsy no cause can be determined. These cases are termed idiopathic 
for want of an explanation. In some cases the disease develops in con- 
nection witli or after some event suggestive of a cause. In the follow- 
ing table the cause supposed by the patient or by his family to be re- 
sponsible for the disease is stat^. In 1,363 cases out of 2000 no such 
cause could be ascertained. 


Table XXY. — Alleged Cause of the Efilefsy. 

Cues. 


Tranma 229 

Fright... 119 

Alcoholism 61 

Invalidism 49 

Mental strain S6 

Menstrual disorder 24 

Dentition 23 

ChQd-birth 24 

Scarlet fever 20 

Infantile palsy. 19 

Maldevelopment of brain 19 

Masturbation 1 14 

Menopause 11 


Cswa. 

Sunstroke 12 

Physical strain 11 

Measles. 12 

Indigestion 10 

Arterial sclerosis 3 

Syphilis of the brain... 8 

Whooping cough 6 

Bickets 5 

Excessive heat. 6 

Trauma to mother 4 

Diphtheria. 4 

Typhoid fever 4 


These alleged causes of epilepsy require some comment. 

(a) Injuries of the brain, caqsing hemorrhages either gross or capil- 
lary, followed by the development of cicatricial tissue, are a very com- 
mon cause of epilepsy. That such, injuries occur in the process of 
labor by undue compression of the head or by a delay in the delivery, 
the formation of a large caput and a corresponding congestion of the 
brain is admitted. This is tlie most common cause of the cerebral 
atrophies of childhood in which condition epilepsy develops in a large 
percentage of the cases.* . No surprise is express^ when epilepsy ap- 
pears in these cases, where a gross lesion is apparent. But many cases 
of epilepsy undoubtedly date from birth. Here the hemorrhage which 
has occurred is so small as to leave no evidence in the form of par-, 
alysis or of sensory defect or of mental deficiency, but has been suffi- 
cient to form a focus of irritation in the brain. In later life any in- 
jury of the brain may cause epilepsy. A severe blow on the head or 
a fall which causes a fracture of the skull is often followed 2 or 3 
years later by the appearance of epileptic attacks. In many cases 
there is no fracture but llie brain is equally injured. And since snr- 
gioal attacks upofi the brain for the relief of abscesses and tumors have 
f* ’See chapter XXVIII. 
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become common and surgical scars have been produced hi the brain 
tissue, it has been recognized that epilep^ is a not infrequent sequel 
of the operation. Sometimes these cases of epilepsy are purely Jack- 
sonian, and the location of the scar can be asciertained by the symptoms 
in the attack. In many cases the fits are general, either of the minor 
or major variety, with or without localizing aurse. Any scar in the 
brain tissue may after a time (usually two or three years) betiome a 
focus of irritation sufiicient to cause attacks. And this fact awakens 
some doubt as to the efficacy of surgical operations upm the brain for 
the relief of epilepsy ; for even where a true focal lesion causing the 
disease can be found and removed the necessary incisions into the brain 
leave cicatrices, which in turn may produce a renewal of the disease. 

The influence of trauma of the head in producing epilepsy is shown 
by the statistics of the Franco-Prussian war. Among 8,986 persons 
wounded on the head 46 developed epilepsy, while among 77,461 per- 
sons wounded elsewhere only 17 became epileptic. 

In my own cases 11 per cent, could be traced to traumatism. When 
sunstroke is followed by epilepsy, it is reasonable to suppose that eiUier 
a capillary hemorrhage or a toxic action on the cells of the brain has 
occurred, which has resulted in the formation of a sclerotic plaque. 

(6) Fright is recognized as a cause of epilepsy by all authors. It 
was a supposed cause in 119 of my cases. In one case a young girl 
was suddenly awakened by her brother who had concctdcd himself in 
her room at night and covered himself with a white sheet. She was 
much alarmed, had a major attack an hour after, and has been a con- 
firmed epileptic for ten years. I could relate many such cases where 
the cause is equally clear. 

(c) The effect of alcoholism in the production of epilepsy is also 
admitted. Many cases come on during a spree and many develop in 
chronic steady drinkers. Experiments upon animals prove that alcohol 
in the blood causes degeneration of the neurons of the cord and brain. 
Observations upon alcoholic brains show chromatolysis and disinte- 
gration of the cortical cells. It is not unlikely that among the effects 
produced by these changes epilepsy should be one, espiKiially as the 
pathological findings in epilepsy arp similar in character and in loca- 
tion to those seen in alcoholic brains. 

(d) Epilepsy may develop as a sequel of any of the infectious dis- 
eases either in childhood or in adult life. In the list of suprased 
causes tabulated are many of the infectious diseases — scarlet fever, 

^measlei^ whooping-cough, diphtheria, typhoid fever, and meningitis. 
Marie has shown that multiple sclerosis of the nervous system — a 
dise^ in which epileptiform attacks may occur as a symptom — is 
probably a sequel of these diseases and due to the infectious agent, 
microorganism or toxin, which causes them. Is it not possible that in 
the epileptic cases developing after an infectious disease some similar 
sclerotic plaque may have been produced in the brain, and that in these 
cases the disease has an organic basis ? Among my 2,000 cases, 50 
developed as a sequel of such diseases. It is rarely due directly to 
syphili^ unless the ^hilis causes a gross lesion of the brain. 
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^e) Peripheral irritatioQ has been supposed to be a possible cause 
of epilepsy. There are a few cases on record in which an injury to a 
nerve in a limb has been followed by a painful scar and then epilepsy 
has developed and pressure on the scar has produced fits and excision 
of the scar has stopped the fits. I have one such case in my experi- 
ence. They are very rare. But their existence has led to the idea 
that irritation arising from any organ or any part of the body may 
cause epilepsy. Thus eye strain from imperfect muscular action or 
from imperfect refraction, irritation of the nasal cavity by deflected 
bones or adenoids or polyps ; dentition, chronic stomach, intestinal and 
rectal diseases, uterine and ovarian disease, phimosis, and many other 
affections which produce pain or irritation of the nervous system have 
been cited as causes of epilep^. It may be admitted that a person 
who has epilepsy is more susceptible to these irritations than a normal 
person. And in an epileptic the removal of such irritation often 
diminishes for a time me number of attacks. But that these influ- 
ences can cause the disease in an otherwise normal person I do not be- 
lieve, and I have never known a cure of the disease by their removal. 
I saw a little boy two years old who was having 200 minor attacks 
daily which ceased in 3 days after circumcision and did not recur for 
some years. Eight years afterwards he was brought to me suffering 
from major attacks. I had published his case as one of reflex epilepsy 
cured by circumcision. I now believe that he had the disease from 
the beginning and that his phimosis was an exciting cause of attacks 
but not of the disease. I could cite a very large number of cases 
equally conclusive where temporary effects have been produced by 
removal of the adenoids, tpnsils, or ovaries, by adjustment of glasses or 
prisms, but no permanent cure has been obtained. The recent trial 
of treatment of eye strain at the Craig Colony without any result 
has proven that this factor has been overestimate by certain writers. 

The epilepsies of advanced life, which are happily few in number 
(but 26 cases in 2,000 developed after the age of 60) can almost inva- 
riably be traced to endarteritis and atheroma. This is proven by the 
fact that, as a rule, these patients have attacks of apoplexy, indicative 
of cerebral hemorrhage or thrombesis, either just before or soon after 
their first epileptic fit. Hence we may believe that senile epilepsy is 
surely of oiganio origin, 

{jg) Other supposed causes, such as childbirth, dentition, masturba- 
tion, menopause, overwork, etc., seem to me tOQ vague and uncertain 
to be accepted as true etiological factors. 

(h) Yarioas* forms of toxaemia most be admitted as causes of the 
individual attacks, though it is questionable if this is a cause of the 
disease. Nothing is more common than a history of gastric or intesti- 
nal disturbance, or a state of constipation preceding an attack. It is 
well known that in in&nts intestinal diseases produce convulsions Which 
rarely go on to epilepsy. Urtemio and alcoholic convulsions are known 
,to occur. Hence it is probable that in many epileptics the existence 
pf toxic states is the exciting cause of the attack. And the removal 
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or prevention of such states is a necessary part of the treatment. But 
when it is remembered that similar toxic states occur in a large pro- 
portion of mankind without causing convulsions, it becomes evident 
that toxaemia alone is not a cause of the disease. 

Theories of the Disease. — In the absence of a positive pathology 
of epilepsy it is necessary to consider various theories of the disease, 
based upon -our present knowledge of numerous facts. 

The Theory of Organic Disease. — Every motor act is the result of a 
discharge of energy from motor cells with corresponding using up of 
their substance, excretion of waste products, and exhaustion. Every 
conscious sensory act is attended by similar activity in the sensory 
cells. In ordinary conditions the conscious perceptions originate from 
impulses outside the body and the motor acts from volitional impulses 
within. Certain poisons circulating in the blood can cause a disciurge 
of the inherent energy from these cells producing movements or sen- 
sations, — c. g., the convulsions of strychnine, the hallucinations of 
alcoholism or of opium poisoning. These being spontaneous and 
involuntary are not orderly and rhythmical and under control. We 
have seen that the aura in epilepsy is unexpected and the convulsion is 
a mass and series of disorderly movements. 

In a state of health the tendency of nerve cells to discharge their 
enei^ on a slight provocation is restrained by the inhibitory power 
dwelling in the highest types of cells. Anything which impairs this 
inhibitory power increases the tendency in the lower levels to discharge 
irregularly. It is a fact of pathology tluit any disorganizing and de- 
structive lesion of the brain may be productive of epilepsy. And this 
is probably so because such lesions impair the inhibitory power. 

The disease is one which appears in early life and is produced by 
any influence which impairs the full and complete development of the 
nervous system. It appeara with great frequency in children whose 
nervous system is maldeveloped. It is admitted that tlie inhibitory 
powers are the culmination of functional development. It seems 
likely therefore that epilepsy is a disease which in a large majority 
of cases indicates an impairment of inhibitory power in the brain 
duo to defective development or t(\ actual destructive disease. It 
is a disease of the cortex of the brain, for in the cortex lie the 
inhibitory centres. It is a diffuse, not localizable disease, because the 
variety of aura indicate widespread starting points of the disease in 
different cases. 

^ When {convulsions occur in the course of cerebro-spinal meningitis, 
or of pachymeningitis, or of tumors, abscesses or hemorrhages iu the 
brain they are not considered epileptic. They are merely symptomatic 
of another disease which is recognized. But such convulsions are in 
no Mray different from those of epilepsy. The presumption, therefore, 
that when a convulsion occurs it may be due first, to some poison in 
the blood, second, to some infection, third, to some local inflammatory 
deposit in the meninges, or fourtii, to some oiganic destructive or irri- 
tating lesion in the brain is quite warranted. Convulsions are only 
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rigarded as epileptic when no apparent cause is known. But this is 
as unsatisfactory as a diagnosis of dropsy or dyspnoea, and is equally 
unscientific. And the apparent absence of a recognizable cause of the 
disease in an epileptic is no proof that such disease is absent. The 
existence of the symptom should rather be regarded as proof of some 
cause behind it. In many cases where the diagnosis has been epilepsy 
at the outset, the outcome has shown that the attacks were merely 
symptomatic of oiganic disease of the brain. I believe that epilepsy is 
always an expression of such disease. 

It is a chronic disease usually incurable. Even the most optimistic 
writers claim but six per cent, of recoveries, and this fact points to an 
underlying stationary cause. 

It is a disease which is present in forty per cent, of the cases of 
cerebral atrophy in children where gross raaldevelopment of the brain 
is found. And in many cases where no gross maldevelopment can be 
asserted the disease is attended by such manifest traces of degeneracy 
and mental weakness that a maldevelopment of the brain is more than 
probable. 

The frequency with which a history of severe convulsions in infancy 
is found among epileptics is suggestive. Such convulsions are not un- 
likely to cause small hemorrhages which in some cases leave traces in 
hemiplegia, paraplegia, idiocy, or sensory defects, and are thus recog- 
nizable. In othtsr cases such hemorrha^ lying in brain areas whose 
functions are unknown may be equally capable of causing subsequent 
convulsions without giving rise to any other symptoms. 

It is known that any organic brain lesion may cause epilepsy, 
but there are certain forms of organic lesion which give rise to few 
symptoms except to epilepsy. Such are multiple sclerosis, diffuse 
gliomatosis of the cortex, sclerosis of Ammon’s horn and of the frontal 
lobes. These conditions have all been found in epileptics. But the 
absence of uniformity in their character and location has prevented 
their being accepted as the lesion of the disease; and this in spite of 
the fact tlmt tumor or abscess or softening or hemorrhage (very differ- 
ent forms of lesion) are known to cause epilepsy, and no matter where 
any of these lesions are located in the brain die effect is the same. 

Another fact which points to "an organic basis of the disease is the 
uniformity of the aura in epilepsy in any given patient. In studying 
irritative lesions of the cortex we have ^own (^ge 91) that a forced 
senKition, or a local spasm is a reliable guide to a local lesion. But 
the aura in epilepsy is nothing but a similar forced sensation or local 
spasm. In every case when an aura occurs it must be regained as tea 
evidence of cortical irritation. Experience shows that in an epileptic 
the aura is always the same in kind. Is not this a positive indication 
that the starting point of irritation in that particular brain is always 
the same? . And may not the character of the aura (visual, tactile, 
auditory, etc.), be taken as a guide to the seat of that irritation ? If a 
person develops epilepsy with a visual aura and after a year or two 
begins to present- signs of a brain tumor and hemiopia, one would not 
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persist in tlie diagnosis of cpilc{)sy, one would admit at once that vilie 
epilepsy was a sign of tlie organic disease. But if the epileptic Avith 
visual aura presents no other signs of disease, shall we conelude that 
his visual corttix is in a normal state? I have seen three childnm 
brought for treatment of epilepsy, in whom a careful examination luis 
shown the presence of congenital hemianopsia which had never been 
discovered. In all these cases a visual aura was a symptom. It seems 
to me, therefore, most probable that when in an epileptic a uniform 
aura occurs we have evidence of a localized fwius of irritation in 
the brain. Statistics show that such an aura is present in 40 per cent, 
of the cases. The existence of traumatic (iases is another proof of the 
oi^njc nature of the disease. We have seen that over 11 |K‘r cent, 
develop as a result of injury to the head. And since the development 
of brain surgery, these cases are now frequently opcrattsl upon and the 
condition of the brain is looked into near the site of the injury. In 
many cases organic lesions of the brain have been found. 

Thickening and adhesions of the meninges, adhesion of the meninges 
to the cortex, cysts on or in the cortex, patches of sclerosis in the cor- 
tex or extending deep into tlie white matter, spicula of bone which 
have penetrated the brain, foreign bodies thmst in at the time of the 
fracture of the skull, local areas of softened tissue, the relic of pre- 
vious hemorrhagic foci or of a bruise, small encstpsulatcd abstHtsstts and 
small calcified plaques have been found. I have seen all these (au- 
ditions in epileptics who have been trephined under my dinHition. In • 
some cases the lesion was immediately under the place on the head which 
was injured. In other cases it was at some distancic. There is every 
reason to believe from analogy that a brain injury may lie opiwsitc to 
the head injury and be due to contre coup. And in many cases it may 
be so deep as not to be found. In over half of the eases in which I 
have seen operations done, nothing could be discovered at the part (»f 
the brain expo^l. But as so many cases have been observed in which 
lesions were found, I do not doubt that in every traumatic case a 
lesion exists. It is well known that several surgeons have urged that 
all cases of epilepsy l)e trephined, as they hojK! to find and remove 
the (»nse of the disease. This only goes to show that the l)elicf is 
extending that the disease luis an Organic lesion, and in these trau- 
matic cases there seems some hope of finding it. 

The theory that the disease is due to oiganic lesion in the brain has 
also the support of recent pathologieal observations. Since the found- 
ing of epileptic colonies, the observation of epileptics has l)ecome m()re 
%xact and their brains after death liave been more carefully examined. 
It is true that observers ail over the world had found occasionally dif- 
ferent forms of lesion in the brains of epileptics. Meynert described 
a sclerosis of Ammon’s horn as a lesion of epilepsy years ago, and re- 
cently Bratz has again called attention to its frequency and Oppen- 
heim considers it one of the many signs of degeneracy Avhich are so 
common among epileptics. Chaslin found isolated plaques of sclerosis 
or gliosis in several brains of epileptics, and these have also been 
51 
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otfeerved by Bevavheurs, Buchholz, Siilor (nodnlar gliosis) and Alz- 
heimer. Onuf has found various forms of atrophy, and Clark and 
Prout have found degenerative changes in cortical cells with chro- 
matolysis, vacuolization and atrophy. De Buck * confirms the existence 
of degenerative changes in the cortical cells, but considers them the 
result of chronic toxaemia. He likens epilepsy to dementia prtecox in 
its origin and lesion. Moriyasu* has recently found marked atrophy 
in the fibrils within the nerve cells throughout the cortex of the brain 
in epileptics. The lesions already described as being seen in trau- 
matic cases have been observed by many observers in cases where no 
trauma was known as a cause. It is true that in some cases no lesion 
has been found. But this is probably due to the difficulties attendant 
upon discovery of minute brain lesions when the examination is not 
made by experts. The future will probably correct these errors. 
While therefore it is not contended that a uniform lesion of epilepsy 
will be found, it seems probable that in a large proportion of cases 
some lesion exists in the brain of such a nature as to form a focus of 
irritation or a source of weakening of normal inhibition. 

The Theory of Toxemia. — There are some who' hold that epilepsy 
is due to a condition of poisoning in the body from the development 
of toxic agents in the blood which irritate the nervous system. The 
fact that convulsions similar in nature to the major attacks of epilepsy 
occur in the course of nephritis and of diabetes and also as a sequel of 
alcoholic and other poisoning has led to this theory. The poison may 
be of intestinal origin, the toxmmia of imperfect digestion or excretion 
as well as of external origin, alcohol, 1^, etc. While such agents 
undoubtedly act as exciting causes of single attacks it is not likely that 
a long continued disease of such a kind can be ascribed to toxines. In 
. an epileptic, gastric or intestinal disturbance is likely to produce a fit, 
and care in the diet as well as the elimination of toxsemia will diminish 
the number of fits. But indigestion does not cause epilepsy, and diet 
alone will not cure it. Donath* holds that the particular poison 
which causes fits is cholin. This is a product of nervous waste, is 
found in excess in the blood and cerebro-spinal fluid of some epileptics, 
but whether it is a result of the disease or its cause is as yet uncertain. 
It is, of course, quite possible that in certain individuals the chemistry 
of nutrition is defective and that they have a constant error of me- 
tabolism which shows itself in the evolution of poison which from time 
to time causes epileptic attacks. Handelsman concludes from his 
experiments that cholin is not the poison, as he failed to find' it in the 
cerebro-spinal fluid of epileptics. 

The toxic theory of the disease receives a considerable amount of 
confirmation from some recent experiments by Donath, Hahn, Massen, 
Necki, Pablow, and Krainsky. 

These observers have found that if a small amount of blood from 

^'Anatomie de I’Epilepeie. Le Nevraxe, June, 1907. 

*Arch. f. Riych., toL zliv., p. 84, 1908. 

* Donath, Dwt. Zeitsch. fflr Kervenheilk., xxidi., p. 72. 
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an epileptic, who is suffering from an attack, be injected into guinea- 
pigs and rabbits, it will pro<iucc convulsions iminediaUdy, whereas the 
blood of an epileptic drawn during the interval of freedom from 
attacks will not prince this effect. Krainsky has found an appreci- 
able amount of amraouiura carbamate in tliis poisonous bliMKl. Tin's 
substance normally exists in the blood and is sup|H)scd to be a substance 
formed from proteid, and to l)e converted subsequently into . urea and 
then excreted. Krainsky believes that in epileptics this pnawss of 
conversion into urea, which is thought to go on in the liver, is arrested, 
and that the ammonium carbamate, accumulated in the circulation, 
acts as a poison to the nervous system producing the attacks, lluhn 
and Pablow by establishing an artificial communication iH^twecn the 
portal vein and the ascending vena cava, thus arresting tlie function 
of the liver in modifying tlie blood, have proven that the ammonium 
salts formed in the process of proteid metabolism are no longer changed 
into urea and thus accumulate in the circulation. These ssilts then 
pnxluce, in several animals, convulsions, somnolence ami coma. It 
would seem probable, therefore, that the carbamate of ammonia may be 
the active poispn in the blood producing epileptic attacks. This theory 
receives a certain amount of support from the genendly accepte«l 
fimt that a diet rich in nitrogenous material, or proteid, is sure to 
increase the number of epileptic fits in a person suffering from the 
disease. It must be admitted, however, on the other hand, that a 
diet free from nitrogen does not arrest the attacks.* It is not unlikely 
that further researches along this line may reveal other ])oisons in 
addition to the ammonia salts in the blood of epileptics. This toxic 
theory, while capable of explaining the occurrence of indivulual fits, 
does not, however, seem an adequate theory to account for the disettsc. 
Some added factor, namely, an imperfectly developed nervous system, 
or a nervous system that has been affected by some organic disease, 
thus weakening its resistant power, is probably a necessary factor, for 
there is every reason to believe that these varying constituents in the 
blood occur in everyone from time to time, but are capable of produc- 
ing convulsions in but a small percentage of the human rae.c. 

Studies of the blood in epilepsy h^e recently been made by Onuf and 
Lograsso and these show that there is no parallelism between seizures 
and leucoc3rt08is, in so far as, even when a distinct leucocytosis is 
present, such may reach its height at different periods in different 
seizures; Leucocytosis is independent of the seizure ; and the seizure 
•need n(ft necessarily be precede or followed by a leucocytosis.’* 

Diagnosis. — The diagnosis of epilepsy can never be made from one 
or two attacks, as such attacks may be merely symptomatic of some 
other disease. Only afler a number of attacks have occurred at 
decreasing intervals in a person who in the interim shows no symptoms 
of disease, is the diagnosis certain. If the attacks are preceded by an 
aura, if they follow die typical course, and are followed by sleep the 

* See Bosanoff, Journal of Nervous mid Mental Disease, December, 1905. 

’ American Journal of tlie Medical Sciences, February, 1906. 
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dia;?no8is may be ma«le after two or three attacks. If the attacks are 
of the nature of petit mal alone or of psychical epilepsy the diagnosis 
can be reached early. If the atfcuiks are unusual, it is well to suspend 
judgment for some time. Many children of nervous constitution have 
irregular epileptiform attacks during early life which are ascribed to 
indigestion or to the irritation of dentition, and yet do not develop the 
disease. Hence in luftmts and young children the diagnosis must be 
reserved for time to decide. When, however, such children present 
other signs of cerebral atrophy, the diagnosis may be made early. In 
adults the occmrrenco of a fit is rather more su^estive of beginning 
organic nervous disease, paresis, multiple sclerosis, brain syphilis, brain 
tumor or arterial sclerosis, than of epilepsy, and here again the absence 
of intercurrent symptoms and the recurrence of attacks afford the only 
means of diagnosis. An ophthalmoscopic examination often enables 
one to reach a conclusion early, as it reveals the existence of organic 
disease. The diagnosis between epileptic and hysterical attacks is 
usually ejisy. It is possible in hysteria to obtain a history of a neu- 
rotic constitution, of a highly excitable temperament, and of a mental 
shock or of a long-continued period of anxiety or distress preceding the 
attack. This attack itself is slower in onset and lasts a much longer 
time, usually for several hours instead of minutes. The patient never 
injures herself by biting the tongue and never wets herself in an attack. 
Some sign of consciousness of surroundings is usually obtainable and 
the patient struggles with attendants with apparent design to get away 
from them. When rigidity occurs it is usually in peculiar postures as 
with the back arched and the limbs extended, and the rigidity alter- 
nates with struggling, ^nd in hysterical attacks the patient usually 
talks as if delirious. There is no rise of temperature during or after 
an attack. There is no increase in the deep reflexes during a hysterical 
attack and the Bubinski reflex cannot be obtained. In epileptic 
attacks the reflexes are increased. The face is not eongeste<l, cyanotic 
and mottled in hysterical attacks, as it is in the first stage of grand 
mal. The attack terminates by a gradual or sudden return to con- 
sciousness and not by sleep. 

Convulsions due to ur»mia, orrto diabetes, or to alcoholism cannot 
be distinguished from epileptic attacks except by the discovery of the 
symptoms of these affections.' 

Prognosis. — The fiicts in the consideration of the etiology, of the 
theory of organic origin of the disease, and of the usual course of epi- 
lepsy tend to the conclusion that the prognosis in epilepsy fe almoslj 
always unfavorable. Recoveries are the rare exception (5 per cent. ?) 
and this fact should not be concealed from the parents or friends of 
patients. The earlier the onset, the more severe and frequent the 
attacks, the deeper the coma and the more intense the mental con- 
fusion after an attack, the worse is the prognosis. Nocturnal epilepsy 
has a better prognosis than diurnal, as the chances of injury are less 
while a patient is asleep. The prognosis in petit mal is not better 
because the disease is petit mal, in fact mental deterioration seems to 
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be of earlier onset in these cases. The prognosis in ccrelwllar cpilq)sy 
— vertigo with or without running attacks — is worse than in grand 
mal. The better the general constitution and digestive powers of the 
})aticnt, and the better his reacition t«i drugs, the better the prognosis. 
In the cases where bromides are nut well taken the prognosis is bud, 
as relief is difficult. About ten pc'r <'ent. of epilepti<^s evontuidly 
become insane. 

Treatment. — An epileptic should lead a life fix* from anxiety, 
responsibility or effort. It shouhl be a life out of demrs witli healthful 
surroundings and agreetdde occuiMvtuni, in the country rather than in 
town. His diet should be simple and in moderate amount, but nutritious, 
and its chief limitations should be in regiird to re<l meats, and ri<!li fixals. 
He should avoid all alcoholic beverages, but coffee and tesi in modera- 
tion may be allowed. Tobacco may be permitted. If his digestive 
organs are defective, greater care in diet and a more rigid regimen are 
to l)e presesribeel, but the ordinary epileptic dot's not iiwhI such restric- 
tions, though occasionally attacks may be tracwl to over-t'ating. In 
some cases for example a simple nnlk diet for a month, or a diet of 
vegetables and cereals with eggs only, for a short time, or the abso- 
lute abstention from meat in any form may prove of lK*nefit. Such 
restrictions should, however, bti temporary mciisurcs, as ttw long con- 
tinued abstinence from tlie foods which experience has shown the 
human system to re<iuire is harmful. His food must be diewtsl finely, 
as the tendency is to bolt the food and to over-t;at. His general con- 
dition should bt! kept up by daily baths, either a .‘1-minute hot (10^°) 
bath followetl by a cold sponge off, or a cold shower bath. A 
full amount of daily exercise is to be taken, so distributed that over- 
fatigue at any one time may be avoide<i. Study and residing arc not 
to be neglect^ but should lie done with intervals of walking or exer- 
cise or play, so as not to demand too long e^mtinued mental effort. As 
epileptic children are excluded from schools, special teachers should be 
employed by those who can afford it, for tlie resources of a liberal edu- 
cation are needed in later life by this class of invalids. Mental occu- 
pation should be encouraged in every possible way, as idleness is con- 
ducive to evil habits, and to iutrosjiectiou and unhap])iness. Marriage 
is to lie discouraged, as the offspring is likely to lie degenerate in type, 
and there is no greater nervous strain than that of living with a per- 
son liable to an attack of an epileptic nature. 

Epileptics should l)e informed of the nature of their disease when 
, they r«ich years of discretion and lie warned of the danger they exjiosc 
themselves to in going about alone, in standing near railway tracks or 
on high places, in going alone in bouts, in riding the bicycle or on 
horseback or in swimming. Such warning is soon enforced by the 
occurrence of injuries during attacks and may prevent serious accidents. 
Epileptics should always be under some supervision and attendance, t«> 
prevent the occurrence of serious injuries. The watching may be 
resented but it is necessary. 

In the medical treatment the first thing is to seek for and to remove 
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if possible any form of peripheral irritation which may act as an ex- 
citant of nervousness. Reference to the section on etiology may here 
be made, where these irritants are discussed. 

Another matter to be looked into is the condition of the digestion ; 
and in case the existenee of indican, skatol or other products of imper- 
fect metabolism in the urine shows a state of intestinal toxaemia, the 
continued use of borax, naphthaline, salol, salicin, sulpho-carbolate of 
soda, benzoate of soda and remedies of this type is indicated. There 
are so many patients in whom each attack can be traced to a state of 
indigestion that I regard this line of treatment of almost as much im- 
portance as the use of bromides. 

A free daily action of the bowels is to be enforced, by the use of fruits, 
plenty of water, massage of the abdomen and the cultivation of a habit 
of going to stool at a definite time. Laxatives and purgatives are to 
be avoided, as once begun they will have to be kept up indefinitely. 
An occasional dose of calomel or podophyllin will do no harm and may 
be indicated from time to time. 

The remedies for the disease in the order of their efficacy are brom- 
ides, simulo, solanum and chloral. The bromide of potassium, sodium, 
ammonium, lithium and strontium given in watery solution, bromipin 
given in sesame oil and bromotone given in capsules and hydrobromic 
acid are the various methods of giving bromides. It is wise to try 
one after another of these and to select for permanent use the one 
which seems to agree best with the patient Some patients bear one 
better than others. Some bear a combination of several better than 
any one alone. Some do better when the bromide is given in one 
large dose at night, or in^ two doses one at night and one on waking. 
Others seem to absorb the bromide more readily when it is given after 
each meal. Where regularity in the use of a remedy is necessary, a 
dose on waking and on retiring is the best method. Nothing should 
be added to the bromide, as a simple salty taste is least objectionable in 
the long run. Bromipin is given in sesame oil, the dose of one table- 
spoonful being equivalent to 20 grains of bromide of potassium. 
Brometone is given in capsules of 5 grains, one capsule being equiva- 
lent to 20 grains of bromide of potassium. One drachm of dilute hydro- 
bromic acid is equal to 30 grains of bromide. The dose of bromide 
must be determined for each patient by observation. It is well to 
begin in a child of ten with 20 grains at night, in a child of fifteen 
with 30 grains, and in an adult with 40 grains, and this dose may be 
increased week by week if the attacks do not yield to it, up to 160 , 
grains a day for an adult. Larger doses cannot be continu^ indefi- 
nitely. The smallest dose which will hold the attacks in check is the 
dose to be permanently taken. It is useless to take bromide for a 
short time or to intermit its use. It should be kept up for six years 
at least if begun at all, and if this is understood by the patient at the 
outset he may be more willing to persist. When the system is satu- 
rated with bromide the bromide may be safely stopped for ten days in 
case of absolute need — as in an intercurrent illness — but after two 
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weeks all the bromide has been eliminated from the system and* no 
effects remain. 

It is well to add to any bromide sjilt which is used st)me glycero- 
phosphate of soda, 20 grains three times a day for an adult being the 
usual dose. This seems to counteract some of the ill effects of bromide 
and at the same time is an excellent food for the nervous system. The 
two can be combined in the same solution. While bromide is being 
given patients should use little or no siilt with their food. 

The ill effects of bromide are first to disturb the stomach by setting 
up a catarrhal inflammation. This may be avoided in some degree by 
giving it very freely diluted in water. Sometimes the use of poor 
preparations of bromide which contain arsenic is res|X)usible for the 
irritation of the stomach. The second ill effect is the appciirancc of 
acne. Proper care of the skin, by hot laiths and the fn?o use of soap 
followed by massage, prevents this effect in some patients. In others 
the addition of small doses of arsenic given not longer than one week 
at a time will prevent the acne. The pustules should be pricked and 
the contents expressed, and an 
antiseptic lotion or ointment 
appli<^. If the pustules become 
confluent and large thick crusts 
form tlie bromide must be stopped 
for two or three weeks even at 
the risk of attacks ; its elimina- 
tion hastened by increased water 
drinking and saline laxatives, 
and the surface dressed aseptic- 
ally until it heals. 

The diird ill effect of bromide 
is its effect upon the mind. In 
all cases it dulls mental proc- 
esses, makes the perception less 
keen, the memory poor, and 
reasoning slower. This is in- 
evitable but these efiects are 
temporary and cease when the 
bromide is stopped. In a few 
cases, which I have seen, bro- 
mide causes active mania or all 
the syn;ptoms of the early stage 
of paresis. In these cases its use 
must be abandoned. Epileptics 
who are taking bromide should 
be watched for occasional cumu- 
lative effects, and when these appear the drug should be stopped for 
a time. 

The effect of bromide on the disease is to lengthen tlie interval 
between attacks, and they may even stop entirely after the intervals 


Fig. 293. 
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have been lengthened to several months. The dose should be kept up 
for two years after the last attack and then gradually reduced during 
one year and hmilly stopped. It is sometimes found that a rapid 
graduated increase in tlie amount of bromide given from 20 grains up 
to 150 grains at night, and then a gradual decrease to die original dose 
has a good eftecit. Such a course can be spread over six months and 
may be repeated once a year. 

Chloral hydrate in dose of 5 up to 15 grains three times a day may 
lie added to bromide, and often aids its effects. This drug may be 
given by rectum in the status epilepticus. It cannot be continued very 
long without causing depressing effects on the heart. 

Tincture of belladonna has been given with bromide in gradually 
increasing doses. I have never had any favorable results. 

Tincture of digitalis has been given with bromide in cases where the 
heart was feeble. I have not b^n convinced of any effect upon the 
epilepsy. 

When bromide fails of effect or has to be stopped Ixjcause of its ill 
effects tincture of simulo may be used in 1 up to 3 drachm dose three 
times a day. I have seen gmsl effects from it and regard it is a valu- 
able remedy. It may be continued a long time, and often diminishes 
the number of fits. It may be given with bromide, thus enabling one 
to reduce the dose of the latter. 

Fluid extract of solanum carolinense (horse nettle) in dose from 1 
to 4 drachms three times a day is also a valuable remedy either with 
or without bromides. 

Antipyrin is the only one of the coal tar derivatives which thus far 
has been found to have any effect upon epilepsy. Given in 15 grain 
powder at night and 15 grains on rising, it sometimes mitigates the 
attai;ks. 

Clilorotone, a synthetic product of Parke, Davis & Co., will decrease 
epileptic attacks but renders the patient so stupid and dizzy that its 
use must be limited to a short time. It acts well to arrest a series of 
severe attacks. 

In a status epilepticus large doses of bromides and chloral by rectum 
may be of service, and sometimes jfche fits may cease under chloroform 
inhalations given carefully for several hours. 

In a few cases where an aura of some duration precedes the attack, 
the inhalation of amyl nitrite may arrest the attack. Pearls of this 
can be carried and broken in the handkerchief or a bottle filled with 
cotton wool soaked in amyl nitrite can be carrie<l and inhaled. In, 
some cases the aura consists of a numb feeling in one limb. A band 
tied tightly about his limb when the numbness is first felt has been 
known to arrest the attack. One of my patients wears a strap about 
his wrist and pulls it tight when he feels the tingling in the fingers and 
thus aborts the fit. In senile cases or in cases due to arterial sclerosis, 
the use of nitroglycerine grain two to five times daily, or of ni- 
trite of sodium .3 grains four times daily, combined with heart stimu- 
lants, is of much more service than the use of bromides. It is in these 
cases that chloral in 3 to 5 grain dose four times a day and also 5 grain 
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doses of potassium iodide has been of some service. In old persons a 
drink of whiskey will sometimes abort an attack. 

I have never found much effect from any remedy in petit mal, 
though the attacks may diminish under any of the lines of treatment 
desGril)ed. Occasionally nitroglycerine in grain dose two to four 
times a day has a favonible effect. Oxhle of zinc 5 grains after each 
meal in capsule has been of some service in epilepsy. 

Borax 15 to 25 grains after each meal given in powder has done good. 

Forel, of Zurich, recommends a course of treatment by opium, the 
patient being put to bed and fully narcotized for six weeks, the opium 
l)eing then slowly diminished, and a hirger dose of bromide being 
given daily as the opium is decreased. I h.avc not had good results 
ftom this course of treatment. I have known the opium habit to be 
induced. It is a method which is falling into disrepute. Opium and 
morphine should be avoided in epileptics. 

In an attack nothing can be done except to prevent injuries, to pre- 
vent if possible biting of the tongue, by placing some hard substance 
between the teeth and to prevent congestion of the head by loostming 
the neck band. The patient should always be pcrmitte<l to slciip after 
the attack as long as he desires. A warm salt bath will ndievc the 
fatigue of the muscles which is inevitable. 

Surgical Treatment. — There is a small percentage of c^scs of epilepsy 
open to surgical treatment. When a focus of disease in the brain can 
be exactly located suigery may remove it. In cases following injury 
or depressed fractures of the skull it is always possible that a spicmlum 
of bone may be irritating the brain and in these cases its removal is 
indicated. I have published elsewhere^ numerous cases of this kind. 
In cases where the aura or attack is distinctly cortical in tyj»e, is uni- 
form, and is not attended at the outset by a loss of consciousness it is 
often iwssibic to locate some focus of irritation if tlie citse is studied 
with the facts concerning localization mentioned on pages 91 to 96 
in mind. In such cases exposure of the cortex may reveal a plaque 
of adherent meninges or a small area of sclerosis or of gliosis and 
this may be removed. So many tumors begin with epikptic attiu;ks 
that this procedure is advocated vdienever the attacks are distinctly 
localizablc. 

In all non-traumatic cases with no localizing symptoms surgical 
treatment is entirely unwarranted and useless. Even in the cases in 
which it is indicated and projKsrly carried out it is not uniformly cura- 
,tive. Any scar in tlm brain, whether produced by disease; or by a 
sui^eon’s knife, may act as an irritant and cause attacks. Hence 
after any operation on the brain, even for the removal cjf tumors or 
abscess, epilepsy may develop as a sequel. It is not surprising there- 
fore that even in cases of epilepsy, which have been trc;phined, and in 
which some focus of disease has been found and removed, the patient 
nmy have a recurrence of the attacks. The sui^cal treatment of even 
selected cases of epilepsy has not been as su<x;essful as was at first 
expected. 


* Brain Surgery, 'William Wcxxl & Co. 



CHAPTER XLVIII. 

NEURASTHENIA, PSYCHASTHENIA AND THE OCCUPATION 

NEUROSES. 

Neurasthenia is a condition of exhaustion in the general nervous 
system. It may be general, all parts of the system being affected. 
It may be local, cither the brain, or the spinal cord, or the vasomotor 
system being chiefly involved. Hence its symptoms vary widely in 
different cases, and are almost as numerous as the various activities 
possible in mind and body. 

Psychasthenia is a condition of mental exhaustion in which it is 
difficult or impossible to concentrate the attention, to receive and 
retain impressions, to recollect past experiences, to fix and hold the 
mind upon any subject continuously, to come to conclusions or to 
carry such conclusions into action, or to r^ulate one’s conduct. It 
is usually attended by morbid fears, by compulsory ideas which 
dominate the mind, and by obsessions that are unwelcome and alarm- 
ing. It is often associated with habit spasms or forms of tic, or by 
imperative acts which cannot be resisted, like aimless counting, ques- 
tioning or repeating. 

Every act of mind or body is attended by certain chemical and 
physical changes in the qells of that part of the nervous system con- 
trolling the act. These go on fiir a time within physiological limits 
without harm. But if continued beyond those limits they result in 
exhaustion of the cells, giving rise to uncomfortable sensations of 
fatigue and inability to continue work. The initial state of the cells ; 
their degree of development ; their inherent strength ; and their state 
of nutrition determine the limit of their endurance; for what is healthy 
effort to a strong man may be impossible overstrain for a weak one. 
The condition of exhaustion may li»e rapidly or slowly compensated for^ 
in different conditions or in different persons ; the capacity for recu- 
peration differing widely. But it is probable that permanent changes 
are rarely produced in cells by work and that a return to a normal 
state is the rule when sufficient rest is given. (See page 27.) Edinger 
however believes that if the cells of any part of the nervous system 
are overstrained by excessive work they may undergo a process of 
degeneration, which in turn may be followed by a secondary sclerotic 
process in the connective tissue which holds the cells together. When 
such sclerotic changes occur they are permanent and form the basis of 
organic disease. Hence he believe that overwork may cause perma- 
nent inefficiency. His views are so important that the following 
. summary is quoted : 
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The overfunctioning of a sound nerve, or normal functioning of*a 
degenerated or intoxicated nerve causes fatigue which may amount to 
exhaustion, and the power of rcciiiieration may be transiently or ])er- 
manently lost. Poisons, like alcohol and lead, reduce the recuper- 
ating ix)wer, and nerves subjected to strain from the occupation may 
experience exhaustion and ultimate paralysis and atrophy. Too little 
attention has been paid hitherto to the questions. What becomes of a 
normal nerve subjected to unduly great strain, or of a weak nerve of 
which normal functioning is demanded? and How does the central 
organ fare with these absolute or relative overdemands? A constitu- 
tional, defective composition of a part leads to atrophy when func- 
tional demands are made on it. A similar process occurs in another 
group of nervous affections which are not congenital but result from 
the action of poisons, as in the nervous affections after ergot {)oisoning, 
after pellagra and, above all, afler infection with syphilis, as in tabes 
and paralysis. All these have an injurious influence even on neurones 
of which only normal function is demanded.” 

Etiology. — Predisposing causes are prominent in the production 
of neurasthenia. In the majority of cases it is possible to discover 
some factor in the heredity of the patient, which has induced an imper- 
fect development and consequent inherent weakness of his nervous 
system. One or both parents may have been the subject of some 
disease, either nervous or of any other character ; they may have been 
subject to intoxication by alcohol, drugs, or autoinfection ; they may 
have been old or feeble ; they may have been suffering from overwork 
or strain of a mental or emotional kind, or they may themselves have 
been neurasthenic. Anxiety or illness in a mother during pregnancy 
impairs the strength of the child’s brain. Under these conditions the 
child is born with a nervous system incapable of the highest develoj)- 
ment, and unable to stand exhausting strains, and defective in rccu])- 
erative powers hence he becomes an easy prey to the exciting causes 
of the disease in later life. This factor is oflen overlooked Imth 
by patients and by physicians, who are disappointed at the lack of 
result from treatment or from periods of rest, which otherwise 
would be effective. A firm buildiqg cannot be erected on a foun- 
dation of sand. 

The excitiiig causes are numerous. A life of too continued effort 
without proper periods of rest and sleep, without proper food and 
proper exercise, and harassed by the worry which the struggle for 
success entails is the history usually obtained from a neurasthenic. 
6ften alcoholic or sexual indulgence is an added cause. Sometimes 
son>e acquired disease, especially syphilis, some infectious disease, e. g., 
grippe, or some chronic exhausting affection, like intestinal or gastric 
indigestion, nephritis, gout or rheumatism is the evident exciting cause. 

Sometimes severe shocks or intense anxiety or grief are productive 
of the disease ; and worry may be said to cause more cases than over- 
work alone. Thus family care or affliction, the distress of mind con- 
sequent upon money losses, or illness or ill conduct of some relative. 
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an unfortunate love alfair, a disappointed ambition, or intense remorse 
arc causes of neurasthenia. 

A sudden change in one’s habit of life may so disarrange the chem- 
istry of nutrition as to produce neurasthenia. Thus athletes who stop 
exercise, hard workers who rest completely, women who make a com- 
plete change of diet or who stop taking fluids in order to get thin, 
people who suddenly adopt some fad in their food, men who do un- 
usual work at night and sleep little by day, persons who subject them- 
selves to great changes of altitude or climate, arc frequently liable to 
develop neurasthenia. 

Great excess in work, especially if attended by anxiety, is a very 
frequent cause. Thus college students after final examinations, pro- 
fessional men after an intense effort in the pulpit or at the bar, or 
medical men after trying cases, or engineers after unusual exertions 
often develop an acute neurasthenia. 

In women menstrual disorders, or uterine and ovarian disease are 
very likely to cause continued irritation and exhaustion of the nervous 
system. A laceration of the perineum with its secondary displace- 
ments of uterus and bladder may be a source of constant sensory irri- 
tation and discomfort, which after months may so wear upon the ner- 
vous system as to produce a severe general neurasthenia. Excessive 
maternal cares are also an occasional cause. In old age the condition 
is rarely seen, as the old are less subject to strain and to worry. 

Neurasthenia has been ascribed to “ reflex irritation.” By this is 
meant that in some organ of the body, e. g., eye, or ear or nose, or 
genitals, etc., a condition is pre.sent which causes constant nervous irri- 
tation ; and such constant irritation by the law of summation of im- 
pulses results in an occasional nerve storm which disturbs the nutri- 
tion of the nervous centers and leads to irregular and defective action. 
Some of the worst cases I have seen have Ireen due to ulceration of the 
rectum long overlookerl, or to chronic urethritis with granulations. 
This subject is more fully considered in the chapter upon Reflex Neu- 
roses, |)age 853. 

Neurasthenia has also been ascribed to chemical poisons developed 
in the body by imperfect metabolism, uric acid poisoning, lithemia, 
oxaluria, or uremia being found in many cases. The uric acid dia- 
thesis is undoubtedly a factor in some cases, and there are many per- 
sons who become neurasthenic unless they take occasional doses of 
calomel, use alkaline waters constantly and refrain from a diet con- 
taining red meat and alcohol. It is a question whether chronic autot- 
intoxication by defective digestion is a cause or a result in neuras- 
thenics, but the two conditions are very frequently combined. Atonic 
states of the stomach with enteroptosis, distension of the intestines and 
chronic colitis, rectal diseases, especially bleeding piles, strictures and 
fissures, are certainly liable to give rise to neurasthenic states. The 
neurasthenia seen among syphilitics is occasionally due to that disease ; 
it is more commonly due to the exhausting effect of long courses of 
treatment ; and it is sometimes entirely independent of the disease and 



BYUPTOilS. 


813 


due to the worry or fear that the patient feels in consequence of his 
infection, his anxiety to marry, or his fear of transmitting his disease 
to his wife or children. 

Injuries of the body, especially if attended by mental shock and 
fright, are capable of setting up a severe ty{)c of neurasthenia. This 
is particularly frequent aftor railway and automobile accidents ; and 
has been termed traumatic neurasthenia or the “ traumatic neurosis.” 
It dilFers from ordinary neurasthenia in the presence of more acute, 
intense and variable symptoms, in the prominence of mental symptoms, 
many of which are of an hysterical kind, and in its longer ct)ursc. It 
is probable that the concussion of the body in such accidents produces 
a physical change in the cells, which for a long time hampers their 
normal metabolism and causes a permanent exhausted state. The 
fright probably causes a chemical change in them, with similar results. 

The disease is more common in men than in women. It is an affec- 
tion of adult life, but many cases develop early, the lai^e majority be- 
fore the age of forty, during the period of greatest effort. Occasion- 
ally children are affected, especially those who arc pushed in school 
and are made to share in adult amusements. It is mure common in 
cities than in the country. It is more common among the better classes 
and among the highly Vacated, than among the laboring class. Cli- 
mate does not enter as a factor, as it develops in both north and south ; 
on the plains and in the mountains ; but when a person is neurasthenic, 
change of altitude has a marked effect. It is more common in winter 
than in summer. It is more frequent among those people who live 
under constant strain and effort, with few rational amusements; and 
who take littlo out of door exercise ; hence the disease is more com- 
mon among Americans than among Germans or English. It is a 
disease of civilization and incidental to the ambition of active men. 
In women it is often the outcome of a congenitally weak nervous 
system, over-trained in school, or subjected to disappointment in love, 
i^metimes ambitions l)eyond capacity, or the distress after marriage 
of an unhappy or a childless life produce it. 

Symptoms. — These may be classified into mental, cerebral, spinal, 
sexual, vaso-motor, and sympathetic^ 

Psychasthenia. — The mentcU and cerebral symptoms are the most 
common. They have Ijeen grouped together and given the name pay- 
chastlienia. There is always a certain consciousness of our mcutal proc- 
esses, attended by a sense of enjoyment or of distaste, but this in a 
^normal person is never very vivid. The mind rarely watches itself as 
it acts, and is not conscious of its application, of storing up impressions, 
or of its acts of reasoning. Thus we have our attention fixed on the 
result, and not on the process of thought. If mental action becomes 
hampered one of the first results is to attract our attention to the 
process, and away from the end. The mind labors in its work. It 
becomes difficult to fix attention. It is hard to remember. It is im- 
possible to reason consecutively and accurately. Impressions leave 
little trace. Ivogical sequences do not follow from premises. And in 
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c6n8eqaence of this difficulty in mental activity a sense of discomfort 
arises, a distaste for mental occupation and a feeling of repugnance to 
effort or to labor. This is what the neurasthenic feels and complains 
of. He cannot put his mind on his work. He reads, but forgets what 
he has read. He cannot come to any conclusion about anything, living 
in a state of perplexity. He accomplishes nothing, and this fact alone 
causes annoyance and distress. He soon becomes irritable not only at 
himself and his state, but at bis surroundings, family and friends. He 
wishes to be alone, and then broods on his condition, usually fearing 
insanity. 

As soon as he begins to notice his own sensations they all become 
intensified and many normal feelings usually uhnotieed are thought to 
be symptoms. Thus pulsations in the head, feelings of distress in the 
head, pressure on the top or back of the head, particularly at the occi- 
put, constriction about the forehead, tenderness of the scalp or actual 
pain in the head are complained of These are classed together as 
cephalic sensations, and are very common symptoms. The headache 
of neurasthenia varies in intensity during the day, being increased by 
mental exertion and relieved by food, it is worse in the morning, often 
subsides at night, and never keeps the patient awake. Rarely vertigo 
is felt as well as headache or if there is no actual dizziness there is a 
sense of movement of the body when at rest, and a feeling of unsteadi- 
ness in walking giving rise to much discomfort. Numbness in the 
face, or tongue, or extremities, cold or hot sensations there or in the 
back ; feelings of weakness in the 1^ and hands ; inability to use the 
eyes, unwillingness to listen to music or sounds of any kind, defective 
appetite and disordered, taste, all indicate an imperfect state of function 
in thi cortical centres of sensation. Subjective sensations, such as 
spots before the eyes, ringing in the ears, or a bad taste in the mouth 
are often complained of. • 

The cortical centres of motion also suffer. Patients complain of 
being tired all the time. A continued muscular effort is impossible. 
The grip is poor and becomes worse as efforts are repeated. Tremor 
of the hands and face and eyelids may be seen. Walking any distence 
causes undue fatigue. Talking and writing are irksome. 

The sub-cortical processes of association are equally involved. A 
face no longer suggests a' name. Memories which were formerly 
grouped together are no longer associated. Hence any thought 
becomes slow and more of an effort than usual, and mental application 
involving many associative processes is impossible. The defects o^ 
memory, which are noticed early, give rise to much alarm. 

The emotional element in mental activity is also affected. Nothing 
gives rise to a sense of pleasure. Ail processes become painful, and a 
sense of discomfort and distress attends all thought. A marked 
depr^ion of spirits is complained of, and the patient fears melan- 
cholia. His depression differs from that of melancholia, however, as 
he never blames himself for imaginary ill-doing. The true melan- 
cholic has a conviction that he himself is to blame for his misery, that 
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it is a just punishment for some supposed sin of omission or commts- 
sion, and that there is no hope. The neurasthenic ascribes his distress 
to every possible cause except to his own errors of life or work. An 
abnormal and distressing sense of fear is oilen complained of. This 
may be an indefinite sense of apprehension, or it may be a fear of cer- 
tain things. Thus one patient may fear being in a room or hall or 
theatre or church, or any closed place, and will rush out into the open 
air for relief ; this has been termed claustro-phobia. Another may 
fear open spaces, and will go long distances through narrow streets 
rather than cross a square ; this has been termed agoraphobia. Many 
fear to make any efibrt, and will not attempt any in consequence. 
Many fear some form of disease, and usually make themselves familiar 
with its symptoms, and then notice their own sensations and misinterpret 
them ; thus persuading themselves that they have the disease in ques- 
tion. Physicians often fear locomotor ataxia or paresis when neuras- 
thenic. The mistakes of the laity are easier to correct. Some have 
apprehensions about their family or friends, rather than about them- 
selves, are especially afraid of lightning, of journeys, of fire, etc. In 
a study of such morbid fears Stanley Hall has described over a thou- 
sand varieties which have been noticed. These morbid fears are very 
common symptoms of the disease, and when they overcome a patient 
suddenly give rise to attacks of anxiety which are very distressing and 
may produce physical effects, such as palpitation, pallor, faintness, and 
exhaustion. Such fears are particularly common in neurasthenia due 
to alcoholism. The emotional control is very defective in neurasthenia. 
Patients are easily moved to tears, cry as they relate their symptoms 
and may act in a way suggestive of hysteria. In many cases there is 
a mingling of the symptoms of both diseases. , 

Another mental symptom is some morbid impulse. The patient 
suddenly becomes possessed with an idea which he cannot resist. He 
may have an impulse to count objects, or to repeat certain words. He 
cannot sit down, and has to walk about ; he cannot listen, but must 
talk constantly ; he is beset by doubts, and questions everything ; is 
perplexed as to whether he has done right or wrong, whether he has 
told the truth, whether he has remeqibercd important things, whether 
he is understood by his family or his doctor. Thus his mind, being 
occupied by these fears and impulses, and by these exaggerated sensa- 
tions, is incapable of working along its accustomed lines and is beyond 
his control. 

, Someipatients influenced by both morbid fears and morbid impulses 
will suddenly leave home and wander away or go on journeys and only 
after some days realize where they are and the need of informing their 
fiimily of their whereabouts. They usually return in a bewildered 
state. 

The view of Strfimpell, that neurasthenia is largely a congeries of 
mental symptoms, with a disturbed process of thought (Gestortes Yor- 
stellungs leben), and that such physical symptoms as are present are 
laigely due to auto-suggestion and to the effect of the mind upon the 
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bofiy, is in many cases quite correct. The psychasthenia is often more 
prominent than the neurasthenia. This is particularly true of the type 
which develops after accidents, the so-called traumatic neurosis. 

It is in psychasthenia that tlie treatment by suggestion is successful ; 
tlie mental symptoms being counteracted by forcing the mind into 
another attitude, viz., one of hope and of confidence of relief and of 
occupation by a new train of thought with firm expectation of recovery. 

These mental and cerebral symptoms develop slowly or rapidly, 
come to their height, remain for some time, subside gradually until 
finally they all disappear and the patient recovers. Or they attain a 
certain height and remain for several years, being in abeyance for 
weeks at a time when life is uneventful and easy, but recurring when- 
ever an effort to work is made. Occasionally they last for the remainder 
of one’s life. They rarely go on to insanity although occasionally a 
state of neurasthenia precedes general paresis ; and they never cause a 
fatal termination. 

The spinal symptoms develop in some cases to the exclusion of all 
others, but in many cases of cerebral type there are a few spinal 
symptoms as well. 

Pain in the nape of the neck and down the spine is the most com- 
mon symptom. This is constant and very annoying. It may become 
so intense as to keep the patient in bed ; he is afraid to move, and 
shows signs of pain on .either active or passive motion. He is tender 
along the entire spine to pressure, and a light touch may give even 
more distress than deep pressure. The pain radiates from the back 
into the limbs, and about the body. Sometimes intense pain and ten- 
derness are felt in the tip of the sacrum, the so-called coccygodynia 
being very common in neurasthenia. Such cases should not be sub- 
ject^ to operation as the pain is rather a symptom of a nervous state 
than an indication of organic disease. Usually there is hypersensitive- 
ness to heat and to cold, especially to cold. The patients complain 
of undue sensitiveness to any impression, the light touch of the bed- 
clothes being sometimes annoying, and any jar of the bed distressing. 
This sensitiveness is greatest along the costal cartilages. 

There also seems to be some feebleness in motion. The body is 
moved slowly and with difficulty. The jar of standing or stepping is 
avoided. The legs give way under the body, though in bed resistance 
to their movement may be good. Patients often say and believe that 
they cannot stand or walk, yet under some sudden emotional excite- 
ment it is usually found that they can do so. These are thq cases in 
which “miracles of healing” are observed. The muscles become 
flabby and weak from inactivity, but they never lose their reaction to 
faradism, a most important point in a differentiation from myelitis. 

The reflexes are usually exaggerated, knee-jerks are high, and a 
spurious ankle clonus may be elicited, a sort of semi-voluntary pressure 
downward once or twice when the foot is suddenly pushed backward ; 
but a true Babinski reflex is never found, a most ipiportant fact in a 
differentiation from lateral sclerosis. An unusual mobility of the iris 
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is often seen, the pupil first contracting and then dilating or oscillafing 
under a strong light. The sexual reflexes are also increased, sexu^ 
desire may be excessive, erections and emissions too frequent, but the 
function imperfect and weak. The bladder may be irritable, so that 
urination is too frequent. It is rarely painful, and retention is rare. 
There is usually chronic constipation from an atonic state of the colon. 
This group of symptoms was formerly called spinal initation. They 
are nut exclusively spinal, as the mental attitude is never normal, and 
the attention is always concentrated on all the bodily sensations and 
functions. 

This type of neurasthenia is very common after accidents which 
involve a blow on the back, or a jar to the entire body or a severe 
fright. Traumatic neurasthenia is more common in cases where no 
physical injury can be detected. The symptoms have been ascribed 
to capillary hemorrhages in the cord, to concussion of the cord, to con- 
cussion or bruising of the spinal ganglia, to strains of the spinal liga- 
ments, to bruising of the intervertebral cartilages ; though it is ques- 
tionable whether any of these conditions have been shown to exist. 
They are really manifestations of an exhausted state and of an imper- 
fect function in the spinal mechanisms and in the cerebral centres 
which are connected with and control them. This has been proven 
by the fact that hypnotic suggestion often produces an immediate 
cure ; and that firm persuasion of relief byt some inert agent often 
causes these symptoms to disappear. Such symptoms are often ob- 
served in aneemic young women, who have had menstrual disorders 
and who gradually sink into a life of invalidism, being bed-ridden for 
years, the despair of their relatives and the bane of sanitariums. 

After a number of months, or even, two years of intense suffering 
from these symptoms, the patients usually recover. A few remain in 
a condition of chronic invalidism, confined to bed, and a burden to 
themselves and their friends. 

Sexual neurasthenia is a type sufficiently distinct and common to 
warrant notice. It occurs chiefly in boys and young men, though girls 
sometimes suffer. It develops in persons who have indulged iq self 
abuse, or in great sexual excesses. » The mind being continually cen- 
tered upon sexual matters, there occurs a constant state of unnatural 
sexual activity in the spinal centres, which soon results in a condition 
of abnormal irritation and excessive secretion. Erections occur at 
slight provocation, emissions are frequent, at first at night with dreams, 
,and later during the day, even caused by imagination ; and soon the 
excess is attend^ by a feeling of weakness, of parsesthesia in the organs, 
and of pain in the back. The erection becomes imperfect and emission 
premature, and natural sexual intercourse, if attempted, is found to be 
impossible. This at once affects the mind, causing great depression of 
spirits and a state of constant introspection and distress. This dis- 
tress is manifest in the facial expression, which is one of shame and 
dejection. The patient will not look anyone in the eye, and is reluctant 
to admit his symptoms or to confess his fiiult. The fear of being im- 
62 
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pobent may entirely suspend erections and a state of psychical impo- 
tence results, which in turn may be followed by many neurasthenic 
symptoms. The attention being centered upon the body, external 
matters are neglected, and hence not remembered, and these patients 
complain of inability to work and failure of memory. Many of the 
vasomotor symptoms of neurasthenia are usually associated with these 
mental and spinal symptoms. The condition is always recovered from 
if sufficient rest of the sexual organs is given. Some local treatment 
such as cold baths, the passage of cold sounds or urethral injections of 
a boric acid solution, may be used ; but the mind must be kept occupied 
by healthy pursuits and a strong mental jwrsuasion of rapid recovery 
by treatment must be constantly exerted in order to secure a cure. 
This is the secret of the success of so many patent remedies, electric 
belts, etc., which are so widely advertized. 

The vasomotor and sympathetic symptoms of neurasthenia are almost 
always present, and in many cases are most intense. 

A certain tone of the blood vessels is present in health, and is essen- 
tial to normal activity. The flow of blood to an organ varies with the 
function of that organ, being intense when the function is being called 
into play, and slight when the organ is at rest. Ordinarily one does 
not notice this alternation of flushing and pallor, or the corresponding 
lymphatic distension. But in some persons the vasomotor stability is 
easily affected by various influences. Thus a change in barometric 
pressure, in the electrical tension, or in the temperature of the air is 
enough to make the rings on one’s Anger tight or loose ; to make the 
tone of the muscles firm or relaxed ; to make the color of the face pale 
or flushed, to make the pulsations of the heart fast or slow. Corre- 
sponding changes in mental activity and in temper occur, as has been 
shown by Dexter, who found that in school children disorder marks 
from bad behavior coincide with windy days, low barometer and hot, 
moist air.^ These variations appear to be exaggerated in degree in 
neurasthenic persons, and when neurasthenia develops they become dis- 
tressing symptoms, particularly as the attention is frequently directed 
to them. Sensations of a rush of blood to the head, of flushing of the 
face or of various parts of the body, sensations of cold, accompanied 
by pallor of the skin are often felt. If a sharp point is drawn across 
the skin anywhere, but particularly on the trunk, a white line appears, 
and then a broad red ^nd on each side of it, which may remain for 
ten minutes or longer. A consciousness of the pulsations of the heart 
or of the larger arteries is often present and is annoying, espemally at< 
night when it may prevent sleep. The heart may be constantly heard 
to beat from the impulses of the distended vessels in the ear setting 
up vibrations in the ear drum. A pain like that of angina pectoris 
in the chest, and especially down the back of the arms and elbows, is-' 
sometimes felt. In some cases pressure on a painful point such as the 
ribs may increase the heart beat 1 0 or 20 a minute. This is Rumpf’s 
symptom. An actual weakness of the heart is often found, and a 
• ‘Weather Influences, E. Q. Dexter, The Macmillan Co.', 1904. 
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lowering of arterial tension, as shown by the sphygmomanometer. A 
feeling of unusual swelling of a limb may be complained of, and a 
slight oedema may often be observed, as sliown by the rings, collar and 
wrist bands being tight. Many of the cerebral sensations already 
mentioned are probably due to corresponding vasomotor states in the 
brain, as shown by their sudden onset and disappearance. 

In addition to the rapid alternations of vascular tone, there are often 
long continued states of venous or arterial congestion of the same ori- 
gin. These are the conditions which led early observers to describe 
neurasthenia as cerebral and spinal congestion.* There is a flushed 
appearance of the face, a blueness of the lips and tongue, a distension 
of the retinal arteries, a blueness and coldness witli sweating of the 
extremities, indicative of venous congestion. In women menorrhagia 
is very common, and all the symptoms of a vasomotor ty][)e accom- 
panying Oormal menstruation are markedly exaggerated. 

The variations in secretion, either of perspiration, or of urine, are 
probably also of vasomotor origin. A patient may l)e constantly 
bathed in a cold perspiration, or sudden secretion of abnormal quantity 
may occur. I have seen one woman from whose hands the sweat 
dropped for periods of half an hour at a time. The flow of saliva 
may be increased, leading to frequent acts of swallowing, and this in 
time may lead to belching and to borborygmi, which are incessant. 
The flow of urine is often increased, patients finding it necessary to 
empty the bladder every hour. In other cases the urine is much 
diminished in amount. 

Much attention has been paid to the examination of the urine, by 
those who believe that neurasthenia is due to chemical changes in the 
body. In some cases oxaluria is present, crystals of oxalate of lime 
being found. In many cases an excess of uric acid is a constant con- 
dition, and the normal ratio of uric acid to urea (1 to 50) is changed, 
the ratio being 1 to 40, or even 1 to 30. In many cases the excretion 
of phosphates is increased, rendering the urine cloudy and even milky 
in appearance. In almost all cases indicau is excreted in excess. It 
is rare for albumin to be found, though occasionally it appears for a 
few days without casts or epithelia. * Temporary glycosuria is a symp- 
tom which is sometimes found. 

Any one of these conditions is an evidence of some defective process 
of metabolism, and is usually associated with some form of gastric or 
intestinal indigestion. It is, however, a mistake to ascribe the disease 
Sntirely to this cause, and those who consider neurasthenia as due to 
lithffimia' are as much mistaken as those who formerly ascribed it to 
congestion of the brain. 

Qastro'iatestiiial Neurasthenia. — Disturbances of digestion are very 
common in neurasthenics. A loss of appetite, or a craving for special 
articles of diet is frequent. Then it is found that many ordinary forms 
of food produce discomfort, flatulence, acidity of the stomach, heart- 
burn, and even pain. Some patients feel much t)etter after a meal, but 
' Dr. Hammond, Kervous Dueases. 
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io the course of an hour a sense of distension and discomfort in tht 
stomach appears, and they raise sour fluid and gas. This is followed 
by oppression in breathing, flushes, palpitation, and finally sleepiness. 
Such symptoms indicate an atony of the stomach wail. Some patients 
crave food frequently. Examination of the stomach contents often 
shows a lack of HCl. In some cases progressive emaciation affords 
proof that food is not assimilated. One patient, a physician, has an 
absolute suspension of ail stomach digestion with vomiting of undi- 
gested food for two or three days at a time, when under the anxiety 
of a serious case. Intestinal distress is also common, and constipation 
is the rule. The abdomen is sometimes unduly distended with gas, 
and sometimes an, atonic state both of the intestines and of the 
abdominal walls leads to a state of enteroptosis, which requires treat- 
ment. Various ri^d forms of diet are often followed by neurasthenics, 
under the mistaken idea that they are suffering from dyspepsia, but 
rarely with good effect. 

The most serious symptom of a digestive kind is a prolonged diar- 
rhoea, occurring chiefly early in the morning and causing great weak- 
ness during the day. This is accompanied by pain, by expulsion of 
gas, and is watery and profuse. In some cases diarrhoea occurs only 
under nervous strain or excitement, subsiding immediately when this 
is over. Thus one college professor, when neurasthenic, has profuse 
diarrhoea for several hours before his lecture, but only on his lecture 
days. . 

Sometimes the diarrhoea is attended by the excretion of long, ropy 
or stringy masses of mucus, supposed to be casts of the intestine. 
They are white and firm, and consist of albuminous substances, with 
epithelia of the intestines upon them. They are only occasionally 
found in the stools^ after specially painful movements, and are attended 
by an intense feeling of exhaustion. They are often preceded by 
severe colic. This condition has been described as mucous adUis. 
It is so uniformly associated with neurasthenia, and its degree corre- 
sponds so closely with that of that disease, that it is now regaided as a 
symptom. 

The general health suffers gifeatly in neurasthenia, and there are 
few diseases which cause such continued discomfort. Both mind and' 
body are enfeebled. A loss of weight is common, and patients feel 
the weakness which attends it Sleep is usually poor, it is interrupted, 
disturbed by distressing dreams, does not give a sense of .rest, and 
sometimes insomnia becomes distressing. The patient may be restless 
at night, fearful of lying awake, and may have to resort to hypnotics 
to get sleep. More often he is drowsy after a meal, gets to sleep at 
once on going to bed, but awakes at four or five in the morning 
depressed mid nervous, and does not go to sleep agaib. The insomnia 
of neurasthenia is an early symptom and one of the most distressing 
and difficult ta treat. It is better to resort to suggestive treatment 
, for this symptom than to ^ve hypnotics, for these patients become 
dependent upon any means which has once g^ven relief. For this 
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reason massage, faradism, salt rubs, warm baths, physical exeroiies, 
respiratory exercises, inhalations of oxygen or of aromatic alcoholic 
solutions, various fo^s, and hop pillows are to be tried. 

As a rule a neurasthenic feels worse in the morning, complains that 
his night’s rest has done him no good, and has no energy for the duties 
of the day. In some cases, however, the symptoms sulfide as the day 
goes on, and by evening the patient feels quite well and happy, and 
goes to sleep easily only to wake again at an early hour, depressed 
and listless. This type of insomnia is usually attended' by marked 
intestinal indigestion, by indican in the urine, and by chronic constipa- 
tion ; and it is b^t treated by intestinal antiseptics, rathey than by 
hypnotics. The digestive disturbances usually last for a long time, 
often remaining when the other symptoms sulfide, but gradually they 
become less marked, and rarely in my experience lead to any gastric 
or intestinal inflammation. Hemorrhoids which may develop, however, 
are permanent, and often require subsequent operation. Blood tests 
occasionally show anwmia, but not uniformly, as the blood is often 
normal when patients appear pale. 

In many neurasthenics a marked tremor of the hands is present, 
especially when the Angers are extended. A tremor of the eyelids is 
seen when the patient is asked to shut the eyes. 

Alcoholic nenrasthesia. — Alcoholic neurasthenia presents many 
mental and cerebral and vasomotor symptoms, and tremor is usually 
very marked. These patients are always the victims of morbid fears. 
They often show progressive emaciation and I have known women to 
be reduced to 80 lbs. Digestive disturbances are very common. 
All the symptoms are temporarily benefited by a drink of whiskey, 
but when it is out off these patients sink into a state of extreme 
psychasthenia with great depression of spirits. These cases are par- 
ticularly obstinate and the prognosis is worse than in any other 
type. 

Syphilitic neurasthenia. — Syphilitic neurasthenia has no special 
features excepting for the fact that all the symptoms are worse toward 
evening and insomnia is very marked. Many patients with syphilis 
worry themselves into a neurasthenia state over the &ct of having the 
disease. They should be given a thorough antisyphilitic treatment, 
preferably at Hot Springs, Ark., and then with the assurance that when 
this element is eliminate the treatment for the neurasthenic state may 
be successful. 

Ollma^ic neurasthenia. — Climatic neurasthenia is a rather severe 
lype of the disease which develops in those who go into and reside in 
a tropical country, Americans in the Philippines and Panama, and 
Englishmen in India or Africa are particularly liable to develop this 
type. It is the rombination of heat and moisture which seems to affect 
the nervous system and when this is kept up night and day it produces 
serious effects. There is a feeling of general lassitude, an unwilling 
ness to make any efiRirt, mental or physical, a complete exhaustion 
when such eflbrts are made ; and this is soon followed by headache, by 
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in^mnia and by imperfect memory and by great mental depression. 
Cases related by Woodruff* may be quoted. “ One young vigorous 
staff officer who seemed always cool complained to me one day that on 
a previous aflternoon at five o’clock he found that he could not remem* 
ber anything he read. When he got to the end of a sentence he had 
forgotten the beginning. He was completely disabled until the next 
morning. A young surgeon informed me that before he was half 
through his rounds he ^ily discovered that he could not remember 
the patient’s answers, and he always had to lie down thirty or forty 
minutes before the brain would work perfectly again.” Such condi- 
tions of exhaustion induce men to take stimulants and to depend too 
much upon them, for they give temporary relief. But no stimulation 
in the long run is of use and other more serious effects follow. A 
state of mental irritability develops, an intolerance of criticism or of 
interference, and a lack of self control of which the victims are them- 
selves ashamed. The physical symptoms are those of general weak- 
ness of the limbs, inability to endure any exercise, irritability of the 
bladder, sexual impotence, and many vasomotor disturbances; a 
rapid heart, dyspnoea, a cyanosis of the extremities, oedema, undue 
sweating and in women menorrhagia or metrorrhagia. Such a neuras- 
thenic state predisposes one to all the dangers of a tropical climate, to 
malarial fever, to typhoid fever, to dysentery and to sunstroke. 
This neurasthenic state has been ascribed * to an anaemic state of the 
central nervous organs on account of the constant dilatation of the 
arterioles in the skin due to heat. The body is kept cool by the 
radiation of heat and by the evaporation of perspiration setmred by 
dilatation of the arterioles but this removes just so much blood from 
the brain and cord and diminishes their nutrition and functional 
capacity. Another theory to account for the neurasthenia of the 
tropics has been advanced by Woodruff, namely, that it is due to the 
action of the actinic rays of the sun which destroy protoplasmic life. 
Pigment in the skin protects man from these rays, hence negroes, and 
brunettes are less liable to neurasthenia of the tropics than are blond 
whites. The actinic rays are supposed to stimulate the nerves and 
especially the vasomotor nervesMcausing a dilatation of the vessels ; 
they are also supposed to stimulate the blood-forming organs ; and 
owing to the increased flow, of new blood cells to the tissues cell 
growth is excited and new tissue is formed. It is the overstimulation 
of the constant action of the actinic rays which is supposed to cause 
the neurasthenia. The remedy suggested is to wear black under- 
clothing next the skin and white linen outside and avoid. the sun. 
The only effective remedy in this condition is a change of climate. 
If patients can get to a high mountainous region where the nights are 
cool, they gradually improve. Thus the mountains of the Philippines 
or Simla in India are resorted to by travellers and residents when 
overcome by climatic neurasthenia. The other remedies for neuras- 

’ Woodruff. The Soldier in the Tropics. Phil. Med. Jour., April 7, 1900. 

*Faie». Amcr. Jour. Med. Sci., April, 1907. 
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thenia, especially strychnine and tonics and cool packs, are of us§ in 
this condition. 

Oourse. — The course of the disease is always slow and it lasts a 
long time, no definite limit being jmssible. In many cases a few cere- 
bral, some vasomotor, and very slight spinal symptoms develop, and 
the patient is obliged to give up work and to lead an idle life. If he 
is properly directed and treated he improves in a few weeks, and after 
three or four months is able to go back to work under restrictions. In 
some cases the cerebral symptoms are attended by very great mental de- 
pression, and melancholia may be feared. But true insanity, with de- 
lusions of guilt and impulses to suicide, rarely if ever develops from 
neurasthenia. Many of these patients drift into a condition of hy^K)- 
chondriasis, their only thought being of their symptoms, and their 
complaints being endless. This state often persists several months or 
even years, not, however, l)ecoming worse, or leading either to death 
or to insanity, as the patient fears. In these cases relapses are frequent 
if recovery occurs. In some cases the spinal symptoms are most 
prominent, and in these the patient is often bedridden for months or 
even years, and usually drifts into a state of hysterical self-concentra- 
tion without depression of spirits. In the traumatic cases both spinal 
and vasomotor symptoms are fully developed, and the hysterical con- 
dition becomes well marked as the case goes on. These cases last for 
yearn, sometimes improving, especially if claims for damages are suc- 
cessful, but rarely recovering entirely for several years, and sometimes 
not at all. 

The cases in which mucous colitis develops are also very liable to 
relapses, especially under mental worry. 

Diagnosis. — The diagnosis of neurasthenia, like that of hysteria, is 
to be made by exclusion, and not hastily. It is to be remembered that 
neurasthenia is often a condition secondary to some other serious dis- 
ease, or may be the precursor of some organic affection. Hence the 
physician should be on the alert to detect a train of symptoms indica- 
tive of such diseases and should never neglect to make a careful phys- 
ical examination. 

Since paresis begins with the symptoms of neurasthenia, it is well 
to remember this fact ; and to tesf the condition of the pupils, which 
are rigid in paresis ; the state of the knee-jerks, which are lost or ex- 
aggerated in paresis ; the mental state of the patient, which is hojieful, 
excited, optimistic with lack of judgment, aud errors of memory in 
paresis^ and the power of speech, which is tremulous and indistinct in 
paresis. Tremors of the face, eyelids and hands occur in both cases. 

Neurasthenic symptoms are not uncommon in many organic diseases, 
especially in multiple sclerosis, and in the arterial conditions which 
precede apoplexy. Headache, vertigo, insomnia, and inability to work 
continuously, or to remember are common premonitory symptoms of 
apoplexy. If the arterial tension is high, the heart hypertrophied, the 
urine of low specific gravity and contains a trace of albumen, and if 
the retinal arteries are seen by the ophthalmoscope to be tortuous or 



824 NEVBABTHENIA AND PBYCH ASTHENIA. 

to thow sclerotic patches the patieht is not suffering from primary 
neurasthenia. These diseases, however, gave rise to definite symptoms 
and physical signs of thdr own, which will be found in addition to the 
neurasthenic Symptoms, and thus will lend to a correct diagnosis. 

Neurasthenia and hypochondriasis are closely allied, but the pre- 
ponderance of mental symptoms with absurd apprehensions regarding 
some particular organ or function, and, the absence of any spinal or 
vasomotor symptoms in the latter usually enables a diagnosis to be 
reached. A true mental and physical exhaustion, and attacks of sud- 
den morbid fears are present in the neurasthenic cases, and absent in 
hypochondria. 

Melancholia is distinguished from neurasthenia by the intensity of 
the mental depression, by the development of delusions of self-accusa- 
tion, by the loss of weight, persistent insomnia, especially the early 
morning waking, and by the facial expr^sion which is often anxious, 
but never sad in neurasthenia. 

It is well to distinguish between psychasthenia and neurasthenia 
though they are often associated. In the former the mental symptoms 
are much more prominent than the physical and are only removed by 
psychical treatment. * In the latter though mental symptoms fnay 
occur they are of minor conseqiience and the treatment which succeeds 
is that which is addressed to the physical condition. 

Prognosis. — It is evident from what has been stated in regard to 
the causation and to the course of neurasthenia that the prognosis is not 
very favorable. Recoverire occur after some time, as a rule, but 
relapses are very frequent, and cah only be avoided by care in the regu- 
lation of life and of work. A person who has once had an attack of 
neurasthenia should therefore be particularly on his guard against over- 
work or anxiety. The less the evident predisposition to the disease, 
the better is the prognosis. The shorter the period through which the 
exciting cause has acted, the better the pn^nosis. The more rapid 
the onset of symptoms, the better the prognosis. A preponderance of 
cerebral symptoms implies a shorter duration than a number of vaso- 
motor and spinal symptoms. Vasomotor symptoms usually last longer 
than others, and are more difficult to treat. The prognosis in trau- 
matic cases is never good, absolute recovery being rare, even after 
damages have been obtained bv litigation. The anxiety of legal pro- 
ceedings always intensifies and lengthens the symptoms. The prc^- 
nosis in spinal cases is almost alMrays bad. In sexual neurasthenia 
the prospect of recovery is very good, aS the patients are yoqng and 
suggestive treatment is effectual. The longer the period of tinje given * 
up to rest and treatment, the better the chances of avoiding a r^pse. 

Treatment.. Psychotlierai>y. — A thorough examination of a pa- 
tient, with a view to eliminating all possibilities of organic dismise, is 
not only necesrary for the physician, but- does much to obtain the con- 
fidence of the patient; and in neurasthenia his confidence is the first 
necessity. His« mental state of apprehension can be met only by 
rrational encouragement; based on frequent examinations ; hence per- 
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Bonal influence ia a factor in the treatment. The effect of mental sijg* 
gestion upon neurasthenic and psychasthenic states has always been 
appreciated by physicians and many remedies which have been 
employed in its treatment— particularly electricity— have been suc- 
cessful chiefly in proportion to the expectation of cure which they ex- 
cited. Every physician appreciates the fact that he has a certain 
moral influence over some of his patients and not over others. He 
knows that his statements with some carry conviction and that this 
conviction is an important aid in die effects he tries to pnxluce. This 
element of therapeutic success has of late been culled to the attention 
of the public, and there is now some danger that it will be overesti- 
mated and possibly employed to the exclusion of other m^ans which 
are also needed. Psychotherapy has a distinct place in the manage- 
ment of psychasthenia and neurasthenia, and, confidence once secur^, 
hope and comfort may be instilled directly both by firm persuasion 
and honest admonition. The object sought is to put the patient’s mind 
into a different attitude, to displace fear by confidence, to displace 
despair by hope, to displace timidity by self-reliance. It is well to 
enter fully into the trains of thought which have led to the patient’s 
state of mind, for if they are discovered the means of counteracting them 
may bo clear. The analysis of the origin of the symptoms may show 
how to persuade the patient that they are foolish and can be overcome. 
Such patients must be listened to patiently, must be argued with 
constantly, must have daily support and comfort and must feel that 
they are being continually thought of and worked over. The physician 
who can live with a psychasthenic or travel with him and give him 
constant mental , stimulus will do more in a week than one who sees 
him once daily for a month. One reason for the success of all those 
movements which involve the calling in of a supernatural element in 
psychotherapy is the conviction conveyed to the mind of the patient 
that he has with him a supernatural assistance which is aivxiya present, 
“an ever present help in time of trouble,” one to which, by prayer, 
he can at any time appeal. It is easier to attain success by treating 
such patients in a company where the hope of others and the confidence 
of the crowd stimulate the individual as no mere personal admonition 
can : hence the cures of Lourdes did of the Emmanuel movement in 
Boston which supply all these elements of success together. For the 
sceptical patient it is well to resort to more philosophical argument ; 
to interest him in his own psychological problems and to allow him 
to read,* and study such subjects as will give him information as to his 
own st^te, thus helping him to overcome foolish doubts, fears, and im- 
pulses by showing him their absurdity* For the ignorant and unedu- 
cated the only means is to resort to some agency to them mysterious 
and wonderful— like the sparks of frictional electricity — accompany- 
ing the treatment by assertions that it will cure. There is usually a 
tremendous unconscious waste of nervous energy when a person is suf- 
fering from nervousness. The muscles are held rigid, the body is 
seldom relaxed, and the mind is in an equally tiresome state of tension. 



826 


NEURASTHENIA AND PSYCH ASTHENIA. 


The cultivation of the faculty of relaxation of both mind and body is 
to be commended to neurasthenics. Nothing should be done hastily, 
or under stress. A quiet mind will help a restless body.* 

All the casual factors in a psychasthenic or neurasthenic patient 
should be studied, and so far as possible eliminated at the very out- 
set. All work should be stopped, and any source of anxiety removed 
if possible. Then the patient should have an entire change in his 
physical and mental surroundinp and habit of life. For this reason 
travel in a foreign country, or a sojourn in a well r^ulated sanitarium 
where the food is good, are very advisable. If these are impossible 
residence in the country on a farm, with a routine life and some exer- 
cise, is to be commended. In any event the mind of the patient 
should be urged into new channels, to the exclusion of those worries, 
fears and thoughts of work, which have induced his breakdown. The 
mind cannot be idle, and rest of one set of ideas is to be attained only 
by substitution of a new set with some interests. Hence every kind 
of novel occupation, fanning, carpentering, photography, sketching, 
the study of new languages or of art or of science, or some mechanical 
occupation ; the pursuit of fishing, or hunting ; new games, both out- 
door and indoor ; unaccustomed kinds of reading ; all these are valu- 
able, as pastimes during the period of necessary rest. The mere fact 
of leaving home and getting away frf»ra work and worry is suflScient 
in many cases to arrest many symptoms ; and a complete change of 
scene is all that is needed to secure a cure in the course of three or 
four months. It is rarely of use for a shorter period. 

Physical tareatment. — In more severe cases it is necessary to enforce 
a rigid regime of life ; to make the patient remain in Iwd for breakfast, 
rise at ten and take a war.m bath (98°) for ten minutes followed by a 
cool (80°) shower or sponge, and a brisk rub with a coarse Turkish 
towel, spend an hour twice a day in physical exercise followed by 
complete rest lying down ; spend another hour twice a day driving or 
riding on horseback ; rest an hour after meals ; keep himself entertained 
by being read to, or by playing games when in the house; to advise 
massage, and to enforce an early hour of retiring. The alternation of 
effort, or some form of treatment and rest is to be kept up for a number 
of weeks. * 

In extreme oases the rest cure of Weir Mitchell (see page 843) may 
be carried out, but it is rarely as successful in neurasthenia as in 
hysteria and I much prefer a regime which affords a variety of occu- 
pation to the rest cure. 

In all cases a careful regulation of the diet is to be observed* plenty 
of good nutritions food of eve^ variety being given, simply cooked, 
and all stimulants being excluded. Coffee and tea may used in 
moderation, if they do not excite the patient, and tobacco need not be 
forbidden unless it evidently disagrees. Rich food and too much food 
at one meal are to be avoided. When milk ^rees it may be taken 
freely. Occasionally, a simple restricted diet of milk, eggs, chicken 
^ ‘See Power Through Bepose, by Anne Payson OalL 
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and v^etables with fruit, for a few days, will correct a state of indi- 
gestion with loss of appetite, and then a full diet can be added. The 
object of all treatment being to increase nutrition, limited diet is bad. 
In all cases an ample supply of water is to be taken, to promote metab- 
olism and to aid in the elimination of waste products. 

Various forms of water treatment are of much service in the treat- 
ment of neurasthenia, as whatever promotes the flow of blood and 
lymph through the tissues increases nutrition. A warm (98°) bath, 
or a hot (104°) bath, followed by a cool shower or spray, is to be 
given daily. If it promotes sleep it may be given at night. Usually 
it is better in the morning. A spray douche thrown with some force 
upon the back and played over the entire body, b^inniug at a tem- 
])erature of 90°, being run up to 105° and then down to 70°, the 
duration being about 4 minutes, is very stimulating to the circulation. 
A hot box, in which the patient sits with his head out, the air being 
heated to 160° for 10 or 15 minutes, followed by a spray douche for 
1 minute, at first warm, then cooler, is excellent. 

A pack, in which the patient is enveloped in a sheet, wet with water 
at 80°, each limb being wrapped separately, and then rolled in three 
thick blankets, and in which he lies for 15 minutes, being s][)onged 
off when taken out with water at 75° and then rubbed briskly, is 
stimulating. 

Sponging the entire back with very hot and then with cold water 
for two or three minutes is excellent. 

Salt mbs, in which the surface is rubbed with cloths wet in brine 
or with hot or cold water in which sea salt is dis.soived, the skin being 
dried rapidly afterward, are very refreshing. 

Massage is also of the greatest service in increasing nutrition by 
emptying the lymphatics t&>roughly and promoting the venous circu- 
lation. It may be combined with either passive or active exercises, 
and these, if carefully graduated and increased daily, will restore the 
muscular tone. 

Some, of these forms of external treatment should be given twice a 
day to every neurasthenic, each to be followed by a period of rest and 
a little simple food. The time may be determine by the patient, 
morning and late afternoon being*the best, as water treatment at night 
often prevents sleep. Massage sometimes induces sleep. 

Electrical treatment, either faradism, galvanism, or static currents 
have never seemed to me to be of direct ^nefit, but may act by sug- 
gestion, and this is often necessary. General faradization is of service. 
The patient places the feet on one electrode, while the other is passed 
over various parts of the body, a mild current being applied. Gal- 
vanization of the spine may be given, one electrode being placed on 
the neck, and the other over the sacrum, or passed up and down the 
back, no interruption being made. The current should be mild (20 
milliamperes with electrodes 4 inches in diameter) and may be con- 
tinued 10 minutes. Static electricity is convenient, as it can be ap- 
plied over the clothing, and the smaller sparks or the breeze are often 
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agr^ble. It is my exiierienoe that these forms of treatment arc only- 
successful when accompanied by constant positive statements that they 
will do good, and will relieve certain symptoms, and only when given 
by some one in whom the patient has confidence. Hence I regard the 
effect as chiefly due to suggestion^ 

A change of climate is often of service in chronic cases. Anemic and 
poorly nourished patients do well at the seashore, in mild climates, and 
should avoid the cold in winter. Southern California and f^ypt are par- 
ticularly suited to such cases. Bobust or fat patients do better in high 
altitudes, and for them Colorado or the Engadine may be advised. 

In spinal and sexual neurasthenia a light application of the Paquelin 
cautery to the spine, or a series of minute blisters, or the application 
of strips of plaster to the spine, plain, or medicated with capsicum or 
belladonna, may give relief. Ice bags are sometimes of service. In 
the sexual cases the passage of cold sounds, or the insertion of medi- 
cated tampons is useful, acting chiefly by suggestion. In these cases 
mental occupation is necessary, and it may be well to keep such 
patients at work, and to urge exercise in the open air. They should 
also be put on a rigid diet, excluding all foods which excite the sexual 
appetite, viz.: oysters, meats, condiments and cheese. They should 
avoid alcohol, and never be given strychnine. 

The use of drugs in the treatment, of neurasthenia is to be avoided;. 
Patients rely upon and expect much from them, and are disappointed. 
The disease is a slow one and no drug can be safely kept up for a long 
time. The market is full of nerve tonics which are largely alcoholic 
and contain strychnine. These do harm in many cases. If anything 
could be found which would supply nutrition to exhausted nerve cells, 
it would do good. PossiWy the glycero-phosphates of lime and soda, 
or the cacodylate of soda, used either hypodermically or by the nioutb 
may have this effect. They may be tried. The chief use of dru^ is 
to combat certain symptoms. In some cases quinine, iron, or arsenic 
are of service in helping nutrition. When indigestion is present, bit- 
ter, non-alcoholic tonics, mineral acids, and intestinal antiseptics are 
often of use. The bowels should be kept open, and the kidneys active 
by the use of water. If laxatives are begun they often have to be 
kept up ; ^hile massage of the abdomen, especially by a heavy ball 
of rubber filled with lead shot,, and an occasional large enema will do 
equally well, especially where diet is regulated. Great nervous irrita- 
bility with intense morbid fear may be benefited by moderate doses of 
bromide of sodium, but this is not to be used constantly. Thq, vaso- 
motor symptoms ate sometimes helped by eigot or adrenalin ,if the 
pulse tension is low, or by nitroglycerine in grain dose, or by S 
grain dose of chloral hydrate if the pulse tension is high. They are 
always benefited by water treatment. Headache is best treated by 
massage or shampooing, by cold cloths, or by static electricity. > The 
coal tar products may be tried, but usually fail in neurasthenic pain. 
Minute doses of-roodein grain, or of ignatia grain repeated 
every 5 minutes for 10 doses often help pain and restlessness and 
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fears, but both are to be used seldom, and with caution. Hyoscyathus 
in tincture, used in dose of 5 drops every 15 minutes for 8 hours, may 
also quiet fears. Tincture of lupulin is sometimes of service. Sleep- 
lessness is usually due to fear of lying awake in neurasthenia. A 
wand bath at night, massage at night ; or warm food on going to bed 
may secure sleep. Sometimes a little whiskey at bedtime, in milk, or 
a glass of beer, will have this effect. Placebos of all sorts are justifi- 
able. Occasionally trional or veronal may be needed ; if so, let one 
large dose (10 grains) be given once, and a smaller one on following 
nights, the patient being unaware of the change. These drugs should 
be given with some' food, hot milk, or chocolate. Bromide may l>e 
used as an alternative. No hypnotic should be used continuously, 
lest a habit be fostered. 

THE OOOHPATIOH NEUBOSES. PBOFBSSIONAL OBAMPS. 

The occupation neuroses may be considered as manifestations of 
localized neurasthenia. Their chief characteristics are that the symi)- 
toms are confined to a group of muscles accustomed to act in harmony 
for the performance of some special professional action, and that it is 
only in the performance of this action that they appear, the same 
muscles acting perfectly when called on to perform other acts. Any 
finely coordinated act requires the orderly and adjusted contraction of 
a series of muscles in proper sequence, and this is secured by impulses 
sent out from the educated set of interrelated nerve centres. If the 
act is repeated too often, fiitigue results. If, in spite of the fatigue, 
the act is continued, structural changes in the mechanism underlying 
it may be caused. These changes may be in the cortical centres of 
direction ; in the subcortical tracts of transmission, i. e., the motor 
tracts, the spinal neurons, or the nerves ; or in the muscles. One or 
all give out under the excessive use. 

This leads to symptoms of exhaustion, to a sense of fatigue, to a 
feeling that continuance of the act is impossible, and finally to some 
revolt in the mechanism, such as a spasm of the muscles concerned, or 
a temporary weakness in them, anil these may be attended by pain. 

In some cases the spasm or cramp in the muscles is the main symp- 
tom. In other oases it is a functional exhaustion which is felt giving 
rise to a sense of paralysis. In other cases still it is discomfort or 
even p^ain in the muscles which hampers or prevents the act. 

The'location of the symptoms will depend entirely upn the mus- 
cles iitVolved in the act ; though as the majority of the occupation 
neuroses occur after ;«peated acts of fine coordination done by the 
hands, it is usually the upper extremity or extremities in which the 
symptoms appear. 

While the most common occupation is that of writing, and writer’s 
cramp or writer’s palsy is the most common of these neuroses, yet 
almost any occupation which implies the constant repetition of a move- 
ment may lead to the disease. Thus telegraphers, typewriters, pian- 



830 


SEVRASrHENJA AND PSYCH AHTUENIA. 


istsf violinists, drummers, machinists, cigar makers, plasterers, those 
who use a hammer or brush, or scissors, those who sew or knit, are all 
liable to develop a cramp or a palsy when they attempt to do their 
special work. The cramp may be felt in a single muscle, in one or 
two fingers, or in the entire hand or in the wrist, or even in the entire 
arm and shoulder. The muscles affected become suddenly stiff, and 
voluntary motion is suspended for a few moments. If the accustomed 
posture of the hand is changed, or some other motion made, the cramp 
relaxes, but it returns when the attempt is made to resume the work. 
There is a distressing sense of strain and tension in the muscles, which 
sometimes is painful, and in many cases there is a fine tremor of the 
fingers. In other cases, instead of a cramp there is a sudden giving 
out of power. The muscles relax in spite of effort, the jien or imple- 
ment falls out of the hand. Yet there is no true paralysis, for any 
other motion that is attempted can be done well. The entire disease 
consists of a suspension of an overworked function. 

It is my experience that occupation neuroses develop only in those 
persons who are subject to the other causes of neurasthenia and are in 
some degree neurasthenic. The occupation neuroses may then be the 
chief active symptom of the general affection, which will be found, 
however, to exist when it is searched for. Oppenheim agrees with 
this view. Hence in the etiology, prognosis and treatment of the dis- 
ease, the facts presented in the foregoing chapter on neurasthenia may 
be referred to. 

Roskan has found fibrous nodules within the muscle affected near 
its tendinous insertion in a number of cases and has removed these 
nodules surgically with good effect. This finding is, however, excep- 
tional, and in the cases in which it occurs all motions of the muscle 
Involved are interfered with, not merely those involved in the profes- 
sional act. 

In a few cases which have been traced to an actual neuritis in a 
single nerve the same fact has been evident, viz., that the cramp or 
pain is not limited to the professional action. In these cases tender- 
ness along the nerve and some parsesthesia or anaesthesia have been 
found. «* 

These two conditions then, though capable of producing symptoms 
of professional cramps, should hot be classed with occupation neuroses, 
but should be differentiated from them. 

The prognosis is good for recovery, provided a sufficient period of 
rest can be enforced. This rest must, however, be absolute resf of the t 
function affected. If it is writer’s cramp, the pen or pencil shohld not 
be touched or the fingers placed in the writing position for two years. 
Sometimes patients try to learn to write with the left hand, but, if ' 
they do, it is not unlikely that the cramp will develop in that hand 
also. Hence absolute cessation of writing is to be advised. If the 
rest is not of sufficient duration, a relapse is likely 'to occur. 

I Treatment. — In addition to absolute cessation of the employment 
which has led to the neurosis, all the measures already described in 
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the treatment of neurasthenia are to be employed. Massage of the 
hands and arms is particularly useful, with Swedish movements of re- 
sistance. In the early stage of writers cramp, it is sometimes possible 
to give relief by su^esting unusual methods of holding the pen or by 
wearing on the hand or wrist some form of bracelet which will hold 
it. Sometimes if the pen is wound with twine or is passed through a 
cork, it can be held in the palm of the hand and all pressure of the 
fingers can be obviated. These devices, however, only delay the prog- 
ress of the afiection, which must be treated in the end with absolute 
rest. When writing is inevitable, a typewriter can be used. 



CHAPTER XLIX. 

HYSTERIA. 

Hysteria is a functional nervous condition, characterized by a 
permanent mental state, which may be termed the hysterical tempera- 
ment, and by sudden temporary attacks of mental or emotional or 
physical kind. 

1. The hydennoal temperament is manifested by an abnormally keen 
sensibility to all extern^ impressions and sensations, by a high grade 
of imaginative power, by a susceptibility to suggestions, by an unusual 
desire for attention and notice, by variations in mood not due to appar- 
ent causes, by a lack of judgment, by ft manifest incapacity to exercise 
control over thought, emotion and action, and by a tendency to act on 
sudden impulses. These characteristics lead to a mental state which 
is so distinct as to be recc^ized both by the laity and by physicians. 
The former consider it as evidence of wUfulness, of foolish fancies, of 
imagination, or of moral obliquity, and base this notion on the fact 
that every one has the possibility of showing such manifestations when 
a relaxation in self-control is permitted. They point to the fact that 
under intoxication, or in the state of mental exhaustion following pro- 
longed anxiety or grief, or after sudden shock from fright, the mental 
characteristicB of the hysterical temperament may suddenly appear, and 
they hold that as this implies a condition of loss of self-control, it is 
merely necessary to urge the importance of such control and ty punish 
those who will not exert it. The physician and psychologist, on the 
other hand, regard the hysterical temperament as evidence of some de^ 
fective interaction of those mechanisms of the nervous system through 
which mental and physical acts are harmonized. These mechanisms 
are located in the cortex of the^brain, and are made up of cortical 
centres and their association tracts. Sensory impulses reaching the 
cortex normally cause mental perceptions which are recognized, are 
related to other perceptions or to actions, and a-v^aken an oi^erly train, 
of thought. In the hysterical person the sensory impulse may cause 
an abnormally keen perception ; a slight sound, or l&ht, or touch, or 
pain being felt as almost too intense to be endured ^ystericai hype$^ 
cealheaia), or it may awaken no perception whatever {Jiyaterihcd ancea^ 
theeia). Or if perceived, the perception may awaken no recognition , 
(hystericcU ■ amentia), the patient manifesting the same symptoms as 
those who are mind blind, or mittd deaf. (See page 120.) Or the 
perceptSbn, though rec(^nized, may fail to awaken a natural train of 
ideas or le^ td natural acts. It pay even start an unrelated series 
of mental responses, which like our dreams bewilder and distress the 

882 



HYSTERIA. 


833 


mind by their, lack of continuity (hyaterical insanity). And thbue 
illogical ideas may in turn lead to illogical actions as confused and 
absurd as the chaotic ideas of which tliey arc the outcome {hysterical 
morbid impulses). Thus in an hysterical patient the ordinary external 
impression does not produce the effect one would expect. It may, 
however, produce unusual effects. The capacity of imitation, which is 
normally inherent, is, in these persons, frequently excessive. If they 
see anyone doing something unusual (twitching, running, posturing, 
etc.), Aey have an intense desire, or an irresistible impulse to do the 
same. If a sufficiently impressive statement is made, accompanied by 
a command, they accept it without question, and obey. The power of 
judgment and of critical reason seems to be at times suspended, so 
that they are almost automatic instruments in the control of a stronger 
mind. This is termed su^cstibility, the dictates of the stronger mind 
leading to acquiscence without reason. 

With this temperament there is invariably associated a hypersensi- 
tive emotional state. Things which should cause emotional effects 
may cause none. Or things which should cause very little effect may 
awaken most intense reactions. And the emotional effect may be un- 
duly prolonged, as well as intense, so that a smile will run into a fit of 
laughter or a perfect paroxysm of merriment, or a slightly dcpres.sing 
circumstance may cause long weeping, or these may alternate. It is 
in the emotional sphere that the lack of self control is most apparent. 
It seems as if the mechanisms of the braip which are called into play 
in emotional acts, once started run their own course and cannot l)e ar- 
rested, just as in the mental confusion the thoughts appear to be beyond 
control. It is true that a second emotional shock may serve to stop 
the action first started, in some unknown way j and in fact there ap- 
pears to be no other means of controlling these emotional storms than 
by some very intense impression calculated to aroase another emotion. 
Other evidences of a lack of control are found in the excessive temper, 
the vanity and desire for notice, in abnormal shyness, or in morbid 
fears of an intense kind which these patients manifest. It may also 
be shown in a lack of power to arrest some reflex bodily function ; thus 
the act of coughing, or of swallowiqg, once begun cannot be arrested ; 
or a conscious and voluntary motion once begun has to l)e kept up, 
like the flexion or extension of a limb {hysterical tic), or the mainte- 
nance of some peculiar position {hysterical contractures). Even so-called 
automatic acts of the body, respiration, the heart l)eat, the peristalsis of 
the stonuich and intestines, may become conscious and may be affected 
&y the attention, either being hampered or hastened. And finally, the 
entire motor mechanism of tite body may be tlirown into action, as in 
hysterical convulsions. 

Persons of hysterical temperament are usually very introspective. 
They watch their symptoms, remember keenly all their variations of 
feeling, and exaggerate their suffering. They refuse to allow their 
isiltention to be directed to matters of interest not connected with their 
own state, and thus generally narrow their mental horizon, until all 
63 
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thbughts are self-centred. This very attention to sensations serves to 
intensify the sensations, hence their suffering is usually out of all 
rational proportion to the objective symptoms. This fact once appre- 
ciated by friends results in a lack of sympathy on their part, which is 
resented by the patient ; who in turn seeks to regain that sympathy by 
further chums to attention, even to the extent of simulating symptoms. 
Self-inflicted wounds, with consequent sores that will not he^, the 
vomiting of blood sucked from a tooth and swallowed, the high tem- 
perature obtained by friction on the thermometer either in the mouth 
or rectum, emaciation from supposed starvation, and vomiting of all 
food, are examples of such symptoms. 

The hysterical temperament is not, however, always manifested by 
emotional outbursts. Some individuals will not permit of any emo- 
tional expression. They repress all such tendencies, are unusually 
reserved and self-contained, yet they suffer from grief, anxiety, or 
fright, equally with others, and have not the natural relief which comes 
from emotional expression. In th^ persons hysterical symptoms 
often appear suddenly, though their friends declare that they are not 
hystericd. . It is often more difficult to deal with these suppressed 
hysterical persons than with those subject to emotional outbre^s. 

The vasomotor system is also in an abnormal state in persons of 
hysterical temperament, as is shown by the pallor or flushing which 
attends their mental processes, and by ^e increased excretion of urine 
which follows a paroxysm of any kind. 

The hysterical temperament, while a chronic condition, may not be 
always in evidence. It is at times in abeyance or under control, and 
sometimes it is outgrown as life goes on. It is likely, however, to 
persist, and under conditions of mental or physical strain to reappear, 
often complicating the symptoms of other diseases. 

2. The hysterical temperament rarely remains for any length of time 
without leading to sudden temporary attacks of a mental, emotional, or 
physical kind, which are termed hysterical paroxysms. These are 
uqpally caused by some emotional strain, but may occur without any 
ascertainable reason. They vary so greatly in their intensity as to be 
divided clinically into attacks of .hysteria minor and hysteria major. 
The latter are quite rare in this countiy. 

(ci) Hysteria Minor , — The attacks consist of sudden choking sensa- 
tions in the throat, as if the pharynx contracted (globus hystericus), of 
a tendency, which soon becomes imperative, to cry or to laugh, or to 
do both in succession, or of a violent, unreasonable outburst of'temper.^ 
There is a feeling of great nervousness, apprehension or fear,oa desire 
for air, a heat or chilliness throughout the body, and a restlessness or 
tendency to shout. The body is kept in motion as the patient wanders 
about or tosses in bed. Soon intense pain is felt in the top or back of 
the head, or in the eyes, or in the spiue. Usually pallor or flushing 
accompany the attack. Sometimes sexual excitement occurs. The 
mental distil and excitement may lead to a condition like delirium. 
Sometimes the patient falls into a light slumber, and wakens in a nor- 
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mal state. More often the attack subsides gradually under the influ- 
ence of remedies. Occasionally it ceases suddenly, and the patient is 
at once quite well. In all cases a large flow of urine mincides with 
recoveiy. It is light in coldr, of very Iqw specific gravity, and often 
contains an excess of phosphates. A sense of exhaustion and fatigue 
lasts for some hours or even days after the paroxysm. One attack may 
follow another for several days, during which the exhaustion increases, 
and recovery is then very gradual. A state of mental distre^ and of 
depression of spirits is sometimes observed, but usually the patient does 
not appear to r^ret the attack, though she rather dreads its return. 
After fin attack the sleep is often disturbed for many nights, being rest- 
less and disturbed by dreams of an unpleasant kind. Occasionally 
somnambulism occurs. 

(6) Hysteria Major.— The attack begins with symptoms similar to 
those of hysteria minor, but in much greater intensity and longer dura- 
tion. The crying or laughing is violent and loud, or the outburst of 
temper so extreme as to be maniacal. After this the patient passes 
into a general convulsive seizure which consists of a series of stluggles 
witfi those about her, kicking with the feet, seizing objects' and push- 
ing them away with the hands, throwing tlie head and body about, 
arching the back till the body rests only on the head and feet in bed, or 
rolling about on the floor. In all these movements it would seem to 
the bystander as if there was some conscious motive in every a(;t, and 
as a rule nothing is done which causes any injury of herself. She may 
bite others, but does not bite her tongue or hurt herself in her motions. 
Yet these patients rarely show evidence of consciousness in an attack, 
and usually deny any memory of its details. They cry and scream 
and fight. In such an attack the pupils arc dilated, the eyes are 
rolled about or turned far up, the eyelids are often open, yet tliey do 
not seem to see. The respiration may cease for a time and the face 
become cyanotic. The limbs are alternately flexed and extended, but 
sometimes remain rigid for a time, and then again arc set in motion. 
The tonic spasm is followed by clonic spasms as in epilepsy, and this 
by a series of contortions and extraordinary postures, the body resting 
on heels and head, in opisthotonosf The convulsive attack may lost 
an hour or more, or recur in series for several hours, and this fact 
alone suffices to distinguish it from epilepsy. In a few cases delirium 
coincides with or follows the attack, the patient talking wildly and 
•appearing to be subject to hallucinations. Usually the attack stops as 
suddenly as it began, the patient falls asleep and wakes in a normal 
state. Sometimes the attack subsidi^ slowly. That consciousnera 
is not wholly suspended is proven by the fact that strong external 
impressions often arrest the attack. Thus painful pressure on a 
nerve or sensitive organ, or sharp counter-irritation of the skin, or 
an emetic will arrest an attack. Sometimes a patient who is sub- 
ject to these attacks finds that a strong effort of the will prevents their 
occurrence. 

3. Attacks of either minor or major hysteria are sometimes followed 
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by conditions of loss of power of sensation, or of motion, which appear 
suddenly and disappear as suddenly. 

(а) Ansesthcsia to pain is the most common symptom, touch and 
temperature sensations being often but slightly affected. This may be 
limited to one-half of the body, and is always far more complete than 
in organic hemianalgesia. In hysterical cases no pain is felt. In 
organic cases, as a rule, some sensation can be aroused. The anaes- 
thesia may be limited to the peripheral part of one limb or several 
limbs. In such cases it never resembles the anaesthesia of a peripheral 
nerve lesion in its distribution, and its upper limit is sharply defined, 
which is not the case in multiple neuritis. (See Plate I V., page 38.) 
Tlic anaesthesia occasionally is found in irri^ular shaped areas, not cor- 
responding to any anatomical distribution of nerves. Usually it is 
difficult to draw blood in the anaesthetic area, pin pricks not bleeding 
as in other parts. Sometimes the analgesia can be removed by static 
electricity, sometimes by applying magnets or metals to the surface, 
sometimes by mere suggestion. It may be transferred by these agents 
to the other side of the body. The mucous membranes of the nose, 
mouth, and tliroat are occasionally analgesic. The skin 'reflexes are 
usually normal. 

(б) Ansesthesia of the retina to light and color is also observed. This 
causes a concentric diminution of the visual field for color and for 
light, and in some cases an apparent blindness of one eye. The blind- 
ness rarely takes the form of hemianopsia, and this fact serves to dis- 
tinguish it from a state due to organic brain disease. Usually one 
eye is much more affected tiian the other though total blindness has 
been observed. The normal color fields may be reversed or altered. 
Blindness of one eye usually coincides with hemiansesthesia. The pupil 
reflex is never abolished. 

(c) Hearing may be affected, and total deafness in one car usually 

coincides with hemianaesthesia, though occasionally it occurs alone. 
Sometimes it is bilateral. High pitched or low pitched tones may be 
inaudible when ordinary sounds are heard. Bone conduction is 
affected equally with air conduction — a condition rather rare in non- 
hysterical deafness. " 

(d) Jjoas of taste and smell on one side have also been observed, 
and often accompany hemianaesthesia. 

(c) Loss of motor power, or hysterical paralysis, is a very common 
symptom. This may occur either as a hemiplegia, or a monoplegia, 
or a paraplegia. It comes suddenly and is a total paralysib. The, 
patient docs not move tlie paralyzed part at all, and seems incapable 
of trying. The degree of the paralysis is much greater than in cen- 
tral brain disease, where as a rule some slight response to effort, ex- 
cept at the very outset, is the rule. The face is rarely affected. The 
muscles ane usually relaxed. There is no increase of muscular tone, 
there is no rigidity, tliere is no increase in tendon reflex, and no change 
in electrical excitability. There is no tendency of the arm to assume 
the flexed posture, as in hemiplegia. It hangs like a flail. The leg is 
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dragged in attempta to walk, or the knee refuses to give any supfbrt 
to die body. (S^ Fig. 294.) In organic hemiplegia the knee is stiff 
in walking. The muscles con- 


trolling the voice may be affected 
alone, so that whispers only are 
possible. This is called aphonia. 
If the paralysis is paraplegic in 
kind, it is never attended by 
paralysis of die sphincters, or by 
bed sores and cystitis. A true 
clonus is not obtained, though a 
slight exaggeration of the knee- 
jerk is often present. Associated 
with hysterical paraplegia, bnt 
sometimes occurring without it, 
is a symptom described by the 
French as astasia-abasia. This 
is a temporary loss of power to 
stand or to walk, so diat the 
patient collapses and is unable to 
rise. The attack may come on 
unexpectedly, and it seems as if 
die function of the cerebellum 
were suddenly suspended. It 
may be cerebellar hysteria, as 
other symptoms are clearly of 
cerebral origin. 

Sometimes a complete hysteri- 
cal paralysis is preceded by a 
series of temporary attacks of 
weakness in one arm or leg, 
which alarm the patient and tend 
to bring on a complete paralysis. 


Fig. 294. 



Hysterical paralyais of the leg, (Icon, de la 
Balp£tri$re,) 


have seen an organic hemiplegia 


much intensified by fear. 


Sometimes the paralysis appear| in the form of a fixed contractura 


of some muscles, a limb, or a part of a limb, being <»>nstantly held in 


a rigid position. Voluntary motion is thus sus|)cndcd by the rigidity. 
The postures assumed by the hand or foot in this condition are always 
peculiar, and do not resemble diose which appear in organic disease. 
The contracture increases when attempts are made to overcome it. The 
contratrtured limb is often anaesthetic. Any mustsle of the iMidy may 


be thus affected. 


Sometimes tremor of one hand or one foot suddenly develops, either 
with or without paralysis. The tremor is usually coarse, the move- 
ments being of a jerky kind. They arc intermittent, and sometimes 
have a tendency to increase when an effort is made to control them, 
thus resembling the tremor of multiple sclerosis. A form of spasm 
which is not uncommon is hysterical singultus. The patient swallows 
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frel^uently, and as the saliva fails, air is swallowed till the stomach is 
distended with gas ; this is then belched up, and a part is expelled 
into the intestines. Hence the peristalsis produces rumbling noises 
which alternate with the belching and excite notice and cause distress. 
Respiratory spasms are sometimes noticed. Deep sighing, repeated 


Fig. 295. Fio, 298. 



Hyitorloal contracture of the great toe, Hyaterlcul contracture of both feet, 

(loon, de la SalpEtrihre.) (Icon, de la Salpetrlhre. ) 


yawning, or irregular agitated breathing may occur, with or without 
a true hysterical attack. Hysterical cough is loud, barking, constant 
and very annoying, and often leads to irritation of the larynx, when it 
is not started by such irritation, blepharospasm of hysterical nature 
is occasionally seen. Any of these symptoms of sensation or motion 
may come on suddenly after a shock, or may follow an hysterical 
attack. 

Hysterical pain is another symptom which is very common. It may 
be anywhere, but is usually in the head or spine, or in a joint It is^ 
very acute and the patients appear to suffer intensely. It ie out of 
proportion to any apparent affection of the organ involved. Thus in 
the spine it is far greater than that due to meningitis. In a joint it is 
far more severe timn that of rheumatism. If these pains are cmrefully 
studi^, th^ will always be found to be true hallucinations of pain, 
rather than true pain. They are never affected by analgesic rem^ies, 
even by hypodermics of morphine. On the other hand, mental sug- 
gestion often cures them at once. They are mental pains and are only 
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to be reached by mental agents. Pain in the head may be eitlier on 
top, as if a nail were being driven into the head, or it may be in tlie 
back of the head and neck, or it may be a general hmdaohe. Some- 
times it simulates migraine or neur^gia. It is usually attended by 
hypersesthesia of the scalp. Sometimes hysterical giuls complain of 
ste^y constant pain in the head and eyes, which is not alleviated by 
any rem^y and differs from ail otlier forms of headache in its uniform 
character and duration. 

Pains simulating angina pectoris are not uncommon in hysteria, but 
are to be distinguished from the true disease by the absence of arterial 
sclerosis or myocarditis and their frequent recurrence without the 
intense agony and vascular spasm seen in true angina. 

Pains in a joint, especially in the knee or elbow, wrist or ankle, 
which are hysterical in nature, are not attended by any heat or redness 
or swelling, but are usually associated witli a spasm of the muscles 
when ah attempt is made to move the joint. I have known a hyster- 
ical pain in the knee to keep a patient in bed for three years and to 
appear in the other knee when the leg had been amputated as a last 
resort. 

Hysterical patients usually are found to have some small circum- 
scribed areas of the skin which are very sensitive to touch or pressure, 
and irritation of which may bring on a true hysteriml attack. These 
lie under the breast and over the ovaries in women, and on the scro- 
tum in men. Th^ may also be found in the epigastrium or on the 
spine. They sometimes disappear after counter-irritation, or after 
electrical applications, or on strong suggestion. 

Catalepsy sometimes develops in hysterical persons. This is a state 
of plastic rigidity of the limbs. • They can be put in any posture and 
will remain so for a longer time than is possible by an effort of the 
will. Such a state may ensue on a general hysterical attack, or it may 
appear after a mental shock, or it may develop suddenly without cause. 
The patient as a rule seems to be in a semi-conscious state, is able to 
hear and see but takes no notice, and is unable to move or to speak. 
Sometimes there is a general anaesthesia in this condition. The facial 
expression is blank, or the eyes, if opened, seem not to see, and no 
response is made to questions. The condition may persist for hours 
or even for days, during which the patient has to be fed and kept 
clean, as a baby. 

Hysterical somnolence is a peculiar symptom occasionally observed. 
It is ^sleepy state in which the patient remains for days, being aroused 
only with difficulty to be fed, and relapsing into a semi-stupor. Some- 
times It is difficult to elicit even motions of swallowing, and the sleep 
resembles coma, respiration being slow and irregular or almost imper- 
ceptible, and the heart action slow and feeble. This is the state called 
trance, in which a patient may lie apjairently dead for days, and then 
recover consciousness. The duration is asually only a few hours, but 
Krauss has described a case lasting thirty-two days. 

Narcolepsy is a temporary condition of sleep, which comes as end- 
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deqjy as an epileptic attack and passes off as suddenly, lasting only a 
few minutes or at most two or three hours. It cannot be distinguished 
from sleep, as tlie patient can be awakened by irritation. It appears 
commonly in hysterical persons. 

Gastric symptoms sometimes occur in hysteria. There is often a 
loss of appetite, a loathing of food, a craving for unusual articles of 
diet, and possibly an arrest of secretion of die gastric juice, apjl nausea. 
Ox^ionally vomiting of an obstinate kind occurs, all food being 
rejected, and rapid emaciation follows. 

Intestinal peristalsis may cease, leading to obstinate constipation, or 
in other cases is excessive with great evolution of gas, causing tym- 
panites and borborigmi. Phantom tumors of the aMomen are due to 
gas in the intestines. They usually simulate pregnancy, but disappear 
under ether. 

Suppression of urine for twenty-four or forty-eight hours occasion- 
ally occurs in hysterical patients, but does not lead to symptoms of 
ursemia as might be supposed. The menses are usually irregular in 
hysterical women. They may be excessive and lead to sensations of 
great prostration, which arc really due to fear : or they may be very 
scanty or even suspended. In hysterical women the fear of pregnancy 
may stop menstruation for months. It is well known tliat all these 
vasomotor and sympathetic disturbances can be produced or cured by 
hypnotic suggestion, and in hysteria it often seems as if many of the 
symptoms were produced by auto-suggestions of hallucinatory origin. 
It is not true, however, that hypnosis can be more easily produced in 
hysterical individuals. 

Theory of the Disease. — The modern conception of hysteria is 
that elaborated by the French schex)! and best portrayed by J^binski.' 

Babiuski defines hysteria as a psychical state rendering the subject 
capable of autosuggestion, and manifesting itself both by primacy and 
by secondary symptoms. The characteristic of tlie primary symptoms 
is that it is possible to reproduce them by suggestion with a rigorous 
exactness in certain persons and to remove them only by means of 
persuasion. The characteristic of the secondary symptoms is that they 
are directly subordinated to the primacy symptoms. Su^stion is an 
act by which ohe attempts to enfofte upon another the acceptance of 
an idea in itself unreasonable. Persuasion is an act of enforcing the 
acceptance of an idea which is true. For example, to tell a normal 
person that his arm is paralyzed and that he cannot move it constitutes 
a suggestion, for it is contrary to common sense. To declare to a 
person attacked with a psychical paralysis that his ‘trouble is purely 
imaginary, that it can disappear instantaneously by an effort of his 
will and thus to obtain a cure is to act by persuasion. If this defini- 
tion is accepted it makes hysterical symptoms quite definite and gives 
them a character which organic symptoms do not have, for these cannot 
be reproduced by suggestion. Thus facial palsy of the peripheral type 

'Soc. de Neuroleg.i Nov. 7, 1901. Revue de Neurologie, 1901. Art. Hysterie. 

^Dtttil ; Traits de Medicine, voL x., p. 668, 1905. 
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where the eye is always open, or radial palsy with paralysis of^the 
supinator lougus in flexion of the arm could never be pioduced by sug- 
gestion. On the other hand, hysterical contractures or [mnilysis or 
feare can only be removetl by persuasion, other mmns being useless. 
This definition makes hysteria a purely mental malady tinder the con- 
trol of psychic phenomena, suj^stion, autosiigg(;stion and jiersuusion. 
It has Ixien quite universally acc;cptcd and not only explains many of 
the symptoms, but also the remarkable cures by means which could act 
only through mental influence. If it is adopted it points the way to 
the only means of successful treatment, via., mental persuasion. 

Etiology. — The disease is much more common among females than 
among males. The age of maximum liability is from twelve to tliirty, 
but children are often afiected and women may develop hysteria at any 
age. Next to the time of puberty, the time of the menopause is the 
period in which the symptoms most commonly apjiear. The Hebrew 
race is peculiarly liable to develop the disease. The I^itin races are 
more susceptible than the Teutonic. The disease is rarely seen in its 
extreme forms in this country, but apjiears to be increasing in fre- 
quency in cities under the stress of modern life. 

Heredity is the most important factor in its causation. A nervous, 
hysterical mother, or an alcoholic father, are particularly liable to pro- 
duce hysterical children. Blood relation between jKircnts is otlcn the 
cause of hysteria in the progeny. Exhausting disease of long stand- 
ing in the parents is a factor. Charcot held that every case was bused 
on a bad heredity. 

Mental or emotional shock is the chief exciting cause. Such sluKtks 
come to every one, but in those who are predisposed to hysteria they 
have a surprising eflect, often starting a long train of symptoms which 
may last a lifetime. Thus the fright occasioned by a railway or auto- 
mobile accident, by a stroke of lightning, by a sudden fall, may lie fol- 
lowed by hysterical symptoms either at once or after an interval of 
some days. Another cause is long continued anxiety or care. This 
acts like a series of little shocks continued with a summation of eflect 
under which, as under a great shock, the weak nervous system gives 
way. Occupations which involve tense mental strain, the life of an 
engineer on a locomotive, that of fl broker on the stock exchange, that 
of a responsible' leader of politics, or banking, or any profession or 
business, may lead to nervous exhaustion, which shows itself in hys- 
terical symptoms. It appears to be the worry and emotional strain 
rather .than the work itself, which induces the collapse. 

An^ exhausting disease lung continued, which saps the vital cnei^, 
especially diseases of the genital organs which involve much anxiety 
over the potency of the individual, may produce hysteria. Masturba- 
tion and the consequent seminal emissions and fear of impotence in 
boys, or uterine and ovarian diseases in women who live without sex- 
ual gratification or in married women who fear sterility, are frequent 
causes of hysteria. Excessive sexual indulgence in either sex may in- 
duce it. The old idea that the disease is of uterine origin is, however, 
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a mistaken one. I have never seen much benefit in hysterical cases 
from operations upon the nteros or ovaries. 

In young people the tendency to imitation is strongly developed, 
and one hysterictd child in a school or convent is often the cause of an 
outbreak of hysterical symptoms in many others. Epidemics of hys- 
teria, so common in the middle ages, are now infrequent because the 
necessity of seclusion of such patients is widely appreciated. 

I have seen hysteria develop after repeated hypnosis, either by auto- 
suggestion, or by direct suggestion. It may also develop after anaes- 
thesia from chloroform or ether in the same way. ' 

It is said to follow chromic intoxication by alcohol, lead, opium, 
mercury, coal gas, and by the products of the infections diseases. 

Pro^osis. — The prognosis is always a good one, so far as the 
recovery from any form of hysterial affection goes. The symptoms 
invariably pass away either after proper treatment, or spontaneously in 
time, even though they may last for many years. It is to be remem- 
bered, however, that tiie hysterical temperament remains through life, 
and hence the prognosis as to recurrence of similar attacks, or of the 
appearance of other forms than the one first shown, is a bad one. 

Diagnosis. — This is usually made without any difficulty when ihe 
history of the individual, especially her heredity and temperament, is 
fully understood. The diagnosis is always to be reached by excluding 
every form of organic disease which might cause analogous symptoms; 
by the facts that hysterical never wholly resemble organic affections, 
and that they always present peculiar features which serve to distin- 
guish them. Thus the distribution of ansesthesia and of pain, or the 
character and distribution of paralysis are always typical and are easily 
distinguished from tho% due to nerve, cord or brain lesions. The 
only disease which produces symptoms that cannot be differentiated 
from hysteria is multiple sclerosis. But when the physical signs of 
that affection appear, nystagmus, intentional tremor, and scanning 
speech, no doubt remains. Until they do appear no diagnosis is pos- 
sible. The variability of symptoms in hysteria, their great change in 
degree or extent from day to day, are to be remembered as inconsistent 
with lesions of the nervous system. The particular points of differen- 
tiation have been already alluded fb in discussing the symptoms. 

Treatment. — The key to success in the treatment of hysteria is 
the susceptibility of these patients to su^estion. If the physician 
obtains the confidence of the patient, and has the power to impress 
upon her the necessity of obeying his commands, and the exp^tetion 
of definite results, he will succeed in his efforts to instil a more^health- * 
ful mental state and to relieve special symptoms. If he is met by a 
spirit of opposition or of doubt, Us efforts will be useless. 

It is necessary as a rule to produce an entire change in the mental 
attitude and occupation of these patients. If they can be taken away 
from home and from their ordinary surroundings and associates, if they 
can be given rest of body and of mind, and especially if anxie^ and 
, care can be removed^ time alone will cure them. In s^d cases, there- 
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fore, travel without fatigue, with a cheerful companion, and constant 
mental occupation of a pleasant kind, are to be recommended. *ln 
severe cases the Weir Mitchell rest cure is to. be enforced. This 
involves separation from friends; the companionship of doctor and 
nurses who are not foolishly sympathetic and cannot he alarmed by 
symptoms ; a relief fnjm responsibility and dependentie upon a jMjrson 
who can be trusted. The person acquires a faith in the physician, and 
then his persuasion begins to have an effect and improvement and cure 
follow. 

The means used by the physician to enforce and aid these suggestions 
should be those devised % Weir Mitchell to improve nutrition. A 
regular systematic regime with extra feeding, with massage to assist 
assimilation, with exercises, water treatment and electrical applications 
to occupy the time and to keep the mind of the jmtient busy, are the 
methods employed. Weir Mitchell insists upon absolute rest in bed 
for four or six weeks, forced feeding by milk and simple food every 
two hours, massage and electricity to give the exercise needed for the 
assimilation of fb^ and absolute seclusion. In many severe cases this 
method is the only one which will be successful. It must however be 
carried out with the full consent and cooperation of the patient, by a 
physician in whom she has confidence, and with the aid of nurses whose 
personality is both agreeable and inspiring. If these last named factors 
do not enter into the rest cure it usually fails. 

In mild cases a less rigorous regime is to be employed whicli com- 
bines rest with occupation and diversion, and involves water treatment 
in place of electricity. The following regime is an example : 

8 A. M. Small cup of coffee with hot milk ; or black coffee if 
preferred. Hunyadi if needed. 

8.15 A. M. Bathe hands and face and bnish teeth. 

8.30- 9 A. M. Breakfast ; fruit, cereal with cream, eggs, bacon or 
fish, hot milk or cocoa. 

9-10 A. M. Quiet and rest ; letters read by nurse or patient after 
9.30 ; glass of water. 

10.30- 11 A. M. Bath: large bath towel under patient; blanket 
over patient. Nurse to bathe each part with soap and tepid water; or 
give patient a salt rub (1) ; or j^k (2) in place of bath, with salt 
water affusion. 

11-11.30 A. M. Glass of milk, or kumyss, or hot broth, or cocoa. 
Rest. 

11.30 A. M. Gkt up and dress for the day. 

12 Noon. Go out for drive or walk. 

1.30 P. M. Lunch : soup ; steak or chops with vegetables ; salad ; 
baked apple or fruit. 

2- 3 P. M. Rest quietly, lying down, relaxed but not undressed ; 
glass of water. 

3- 4 P. M. Go out for walk or drive, or see friends. Glass of 
milk, or beef-tea. Undrew. 

5 P. M. Massage (3), or pack (2), or physical culture exercises (4). 
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6- 6.30 P. M. Rest alone, lying down. 

O.30 P. M. Dress for dinner ; glass of water. 

7- 8 P. M. Dinner : oysters, soup, fish, game or chicken, vege- 
tables of any kind, salad, clieese or fruit. No wine, no coffee. 

8- 8.30 P. AI. Rest. 

8.30-10 P. M. Reading, or games. 

10 P. M. Bed, precede by spinal douche (5), or drip sheet (6). 
Cascara tablet, 5 minims of fluid extract. Glass of hot milk without 
or with trional if needed. 

1. Salt Eub. — Coarse bath towel soaked in brine, (saturated solution 
of Dittman’s sea salt) and allowed to drip, then rolled and kept 
twelve hours, but not dried. Rub with this salt damp towel, wet 
with hot water. 

2. Pack. — Wrap patient in wet sheet, temperature 85® ; cover this 
with three dry blankets; put wet towel, 95°, to forehead; hot 
bottle to feet. Lie thus for twenty minutes. Followed by affusion 
all over with water, temperature 75®, followed by brisk rub with 
hot towel. 

3. Massage. — To be given alone during the first two weeks, the force 
of massage being increased daily, and after two weeks followed by 
Swedish movements, exercises against resistance. 

4. Exercises. — These are to consist of flexion and extension of the 
arms and legs while standing, also of rising from a sitting posture, 
also of stooping forward, backward, and turning laterally, and fin- 
ally, of respiratory movements deep and forcible. Five such move- 
ments of each kind to begin with, and each day the number 
increased. 

5. Spinal Douche. — Tl\e back to be sponged with very hot water, 
from the line of the shoulders to the tip of the spine, while sitting 
on the edge of the bath-tub, temperature of water 102® to 105®, for 
three minutes, followed by one affusion from a pitcher of cold water 
at temperature of 75®, and quick rub down with hot towel. 

6. Drip Sheet. — Stand in bath-tub in hot water up to ankles, have 
sheet wet in water, temperature 80®, thrown about body and brisk 
friction made with hands over the sheet for one minute, followed 
by a brish rub with hot towels. * 

In many cases, indigestion, imperfect nutrition, and emaciation have 
been active factors in producing the symptoms, and when these have 
been cured the symptoms disappear. In some cases nutrition is per- 
fect, and in these it is the mental influence rather than the medical 
treatment which does the good. In fact I believe that the rqst cure * 
is successful in those cases only where the personality of the doctor is 
able to impress and control the patient. Hence the success of Weir 
Mitchell and Playfair, and the failure of their methods in other hands. 
Hysterical patients respond promptly to any method which excites 
their expectation of relief and which suggests a cure. Hence charla- 
tans of all sorts, mental healers, “Christian Scientists” (who are 
neither Christians nor scientific), osteopaths, often succeed when phy- 
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sicians fail. The success of suggestive treatment in the hands of ilie 
clergy lias been proven at the Emmanuel Church in Boston- and else- 
where. It is the personality of the leaders in this medico-religious 
movement which accounts for its success. In feebler hands similar , 
methods fail. * 

Hypnotic suggestion is of great use in the treatment of hysterical 
symptoms. In the dreamy state producetl by hypnosis the persuasion 
of the physician is accepted without question ; his positive assertion 
that this or that symptom is passing away and will not return when 
the patient awakes carries a double conviction, and remains as a sub- 
conscious persuasion and the result is the disappearance of the malady 
for a time. Bepeated treatments are needed for a permanent cure, the 
intervals between them being gradually increased, and the perauasion 
should be enforced each time that the symptoms will remain away for 
a longer period. Hypnotic treatment is not harmful unless the idea 
of dependence upon the hypnotiser is awakened in the patient by per- 
suasion in hypnosis. The hypnotizer should not fail to persuade 
the' patient of her own capacity to control herself and of the perma- 
nence of the cure. 

The remarkable results achieved by hypnotic suggestion are equalled 
by the miracles of Lourdes and of St. Anne de Beauprfi. Messner 
and Braid succeeded in curing by inducing a Arm expectation of 
relief, though the means which they employe<l were not really what 
they claimed. The same tiling is true to-day of tlie many patent 
remedies widely advertised. The advertisement, and not the remedy, 
cures the patient, for it awakens her belief and expectation, and sug- 
gestion does tlie rest. These facts are not to be neglected by a phy- 
sician in treating hysterical patients. Positive statements reganling 
the effect to be produced by a remedy should always be made, ami 
should be reiterated. Active measures, whether electrical applications, 
water treatment, counter-irritation, cupping, massiige, should be accom- 
panied by frequent assurance that they will relieve the symptom pres- 
ent, and when a positive belief is developed the result will follow. 
In the employment of drugs, the same is true. It matters little what 
-drug is used, or in what strength, for it is the mental rather than the 
physiological effect which is desir^. For this reason it is far l)etter 
to give remedies in very small doses, but very frequently repeated, in 
hysterical conditions. For the repeated suggestion every five or ten 
minutes that something is being done to give relief will do more than 
a single dose given at long intervals. And it is an extraordinary fact 
that in acute hysterical states drugs are not readily absorbed by the 
stonmeh until the attack is over. Thus I have seen no effect what- 
ever from large doses of bromides given during a convulsive attack 
but a cumulative effect the next day. On the other hand, I have seen 
immediate effects from very small doses of some pungent but inert 
remedy absorbed in the mouth, when enforced by positive statements 
that it will cure. 

The only explanation of these facts is that hysterical symptoms are 
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wMly mental and must be met by mental suggestion rather tlian by 
physical remedies. It is for this reason probably that counter-irrita- 
tion is of much service, especially if the actual cautery is employed. 
The relief of pain from slight applications is often instantaneous. 
Static electricity is also of much use. 

The effect of remedies calculated to increase the vascular tone and 
to stimulate the circulation is usually of use in hysterical conditions. 
Thus strychnine, digitalis and ergot are often of much apparent benefit. 
The relaxed arterial tension and the anaemic state of the surface of the 
body have suggested the theory that in some cases a general relaxation 
of the large abdominal veins in the domain of the splanchnic nerves, 
and a consequent anaemia of the arterial system, is a factor in the pro- 
duction of hysterical states. If this theory is correct, the benefit of 
vascular stimulants is easily explained. It is certain that cold water 
treatment, which is usually helpful, has a tonic effect on the circula- 
tion. And all hysterical patients admit that a cold shower bath makes 
them feel much better. 

All cases arc not benefited by the rest cure. There are many hys- 
terical persons for whom active exercise in the open afar is of more use 
than rest, and after a rest cure such exercises are to be commended. 

The remedies usually employed in hysteria arc asafcetida, valerian, 
valerianate of ammonia, or of zinc, simulo, turpentine, or the bromides. 
They may be prescribed in small doses frequently repeated during an 
attack, but ate not to be continued long. And it is important that 
hysterical patients should not be encouraged to rely upon drugs, but 
rather upon external lemedies. 

In hysterical attacks an application of cold water to the face, the 
inhalation of ammonia or of amyl nitrite, or a drink of spirits will 
usually stop the attack. In case it goes on to a convulsion, counter- 
irritation by mustard leaves may be lued or ice may be applied to die 
back. In the severe cases a hypodermic of apomorphine grain will 
cause emesis and stop the attack. 

I know of no remedy for hysterical pain, and strongly deprecate the 
use of morphine, which only has an effect when given in narcotic 
doses, and even then gives temporaiy relief only. The ordinary anal- 
gesics may be tried, but are rarely of service. Ignatia in minute 
dose ToVir repeated frequently sometimes gives relief. 

Per hysterical anaesthesia, the application of the faradic brush or of 
Btajl^o electricity is often useful. If the application of metal discs to 
the surface restores sensation, this may be done to various parfa^of the 
limbs. * 

For hysterical paralysis, the application of strong faradic currents 
which move the Umbs, accompanied by the encouragement that ^ 
long as the muscle acts to faradisin voluntary effort may move it, will 
usually be successful. Immediate cute is not to be hoped for but 
daily improvement. . 

For hysterical spasms and contractions massage and long continued 
hot baths, followed by cold effusions are the best remedies. 
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The v|»omotor symptoms are to be combated by the use of strycs)!- 
uine in small doses frequently repeated. 

There is no disease in which the ingenuity of the physician is more 
constantly called into play than in hysteria. To devise new means 
which are l^itimate but harmless, and to instil a faitli 2!u tlieir effect 
is his duty. 



CHAPTER L. 

VERTIGO. 

Vertigo is such a common symptom that it is well to classify its 
causes in order to reach a diagnosis. 

I. Vertigo from affections of the auditory apparatus. 

1. Vertigo from disease in the outer and middle ear. This form is 
moderate, is attended by some sta^ering or inability to stand, and by 
roaring in the ear and deafness. Any disease of the ear may cause this 
type of vertigo in greater or less degree. Thus a plug of wax or any 
irritation in the car from sea water, picking the ear, or boils in the 
auditory canal may produce giddiness. Such affections are visible. 
Any form of otitis media is attended by vertigo, which may be one of 
the most distressing symptoms. It is attended by pain in the ear, by 
changes in the appearance of the drum membrane, and eventually by a 
discharge of pus. It is somewhat relieved by inflation. 

Treatment should be directed to the ear disease. 

2. Vertigo from disease of the inner ear — diaeme. This 

form is very intense and distressing, begins with a loud report in the 
ear, is attended by prostration, inability to stand and pallor, coldness 
and sweating, and vomiting, and is always associated with tinnitus and 
deafness. There may be nystagmus, great mental distress, and a loss 
of consciousness. It may come on suddenly, and then constitutes 
the symptom-complex named after M6ni^re, who first described it. 
M^nidre’s disease is due to hemorrhage in the semilunar canals, and 
comes like an apoplectic stroke, but is not accompanied or followed 
by paralysis. It may come upon a person in perfect health, or it may 
be preened by ear disease or by arterio-sclerosis. If the attack is 
recovered from it is usually followed by permanent deafness and by 
otlier attacks, and any exertion or laental excitement may bring on an 
attack. The patients dread such attacks and live in terror of them. 
The attacks, at first lasting a few minutes only, become more and more 
frequent and severe, as a rule, and finally the patient suffers from con- 
stant dizziness, becomes extremely nervous and apprehensive, and dies 
in an attack. Occasionally the first attack is not followed b)^ recur- • 
rence and all symptoms excepting deafness pass off. * 

The treatment of vestibular vertigo as a symptom is by rest in bed, 
applications of ice-packs to the ear or blisters l^hind the ear, and the 
free use of bromide, chloral, and nerve sedatives, or, in case these fail 
to relieve, by hypodermic injections of morphine. 

Babinski and Butnam * have recently advocated lumbar puncture in 

' I Jour, of Neiv. and Moot. DU., Jan., 1908. 
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the treatment of aaral vertigo and report success. From 10 to 15 «.c. 
of spinal fluid is vrithdrawn and after a week this is to be repeated if 


’ Yoltolini has described an affection which he considers due to pri- 
mary inflammation of the labyrinth. This is known 1)y his name. 
The disease occurs in children, but adults are not exempt. It resem- 
bles acute meningitis. It begins suddenly with high fever, general 
cerebral symptoms, of which vertigo and vomiting are the most promi- 
nent, and consciousness soon becomes obscured. Afler a few days 
these symptoms subside, but the child still suffers from dizziness, 
staggers in walking,, and is found to be deaf. The staggering grad- 
ually passes off, but some d^ree of deafness remains. The lesions 
found have been plastic exudations with destructive processes in the 
semilunar canals. It is practically impossible to differentiate M^nidre's 
disease from Yoltolini’s disease in the early stage, and even in the later 
stage it is very difficult. In M^ni^re’s disease the attacks of vertigo 
recur. The treatment should be by counter-irritation behind the ears, 
hot baths, antifebrile remedies, purgatives, and bromides in laige 
doses. 


8. Yertigo from disease in the vestibular nerve is attended by 
symptoms quite like those in M6niWs disease, but is often accom- 
panied by forced movements or by staggering or fltlling in some defi- 
nite direction. 


Thus in a case of a fireman seen at the New York Hospital, who 
by a fall had fractured the base of his skull and tom the left auditoiy 
nerve, the most marked symptoms during the three days preceding 
his death were an absolute deafness in the' left ear, a constant agon- 
izing sensation of rotation of the body in its longitudinal axis, and 
consequently a constant turning of the body in the opposite direction 
in the endeavor to correct the subjective sensation. Unless firmly 
held this man constantly revolved upon his bed, and when held com- 
plained of the most intense distress. In this case the vertigo was 
attended by extreme .exhaustion, vomiting, utter prostration, rapid 
pulse, and death from heart failure. 

Raymond ‘ iu his lectures has deforibed similar cases. 

4. Yertigo is a frequent symptom in disease of tlie pons Yarolii. 
Tumors upon the base of the brain, syphilitic exudations or vascular 
lesions in the pons, and abscess or tumors in the cerebellum compres- 
. sing the pons irritate or destroy the vestibular nerve or its nuclei. In 
these cases the vertigo is usually mild in d^ree. It is accompanied 
by a staggering gait, the tendency being to stagger to one side, in the 
majority of the cases, but not invariably, toward the side of the lesion. 
The existence of other general symptoms of tumor, abscess, syphilis 
of tho'brain, sclerosis, or vascular lesions, and the presence of other 
cranial nerve symptoms enable a diagnosis to be reached. Such a 
tumor is shown in Fig. 237, page 571. 

II. Yertigo from affections of the ocular apparatus. 


54 > Giniqae des Maladies du SystSme Nerreiu, 1900, 1 Vidme sdrie. 
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Any sadden attack of diplopia due to paralysis of an ocular muscle 
is liable to be attended by vertigo. Thus lesions of the third or sixth 
nerve or ophthalmoplegia externa produce giddiness and cause uncer- 
tainty of gait. This form of vertigo is often attended by nystagmus. 
It ceases when the eyes are closed and when the patient does not use 
the affected eye. 

III. Vertigo from affections of the muscular sense. 

While staggering gait is a frequent symptom in locomotor ataxia, 
vertigo is less constant. It occurs, however, with such frequency as 
to require mention. Charcot pointed out that it develops in those 
cases whose general sensibility and muscular sense are profoundly 
affected. It may be due in some ataxies to a primary atrophy of the 
vestibular nerve. 

ly. In the three types of vertigo thus &r studied it is evident that 
the lesion interferes with the conduction to the cerebellum of those 
impulses which are necessary to an appreciation of one’s position in 
space. Lesions in the cerebellum itself, the organ of equilibrium, are 
almost always attended by vertigo. This is particularly true of lesions 
of the vermis or central lobe and by lesions of the flocculus, the small 
polyp-like lobes on the base. It is thought that lesions of the vermis 
in its anterior part cause staggering forward, and in its posterior part, 
backward. Such staggering is due to a sensation of felling in the 
opposite direction. Any form of lesion may cause this symptom, but 
it is particularly constant in tumors of the cerebellum. The diagnosis 
can be reached only by observing the general signs of cerebellar 
disease in addition to vertigo. In congenital defective development of 
the cerebellum, vertigo, nystagmus, and staggering appear early. In 
Marie’s disease they are permanent symptoms. 

Neurasthenia and hysteria often produce vertigo of a mild and 
transient variety, which is probably cerebellar. The so-called ** essen- 
tial vertigo,” consisting of attacks of vertigo with no other symptoms, 
is probably a functional neurosis of the cerebellum, and occurs in 
attacks quite like epileptic attacks, and is usually to be treated as a 
form of epilepsy. Epileptic attacks are almost uniformly preceded or 
attended by ve^go. « 

Gertier, of Geneva, has described a peculiar disease, which has been 
seen in Switzerland and France, and is known as Gertier’s disease or 
vertige parcUymrU. It also occurs in Japan, where it is known as 
kubiaagari. It is characterized by a series of sudden, short attacks of 
vertigo, with ptosis and somnolence, pain in the neck, with {d^ralysis 
of the neck muscles, allowing the head to fall forward, or general 
weakness or even general paralysis, with thickness of speech but no 
loss of consciousness. The attacks last a few minutes, recur every 
few minutes for several hours, leaving the patient fatigued but well in 
the interval. They increase in frequency during the hot weather, but 
cease in winter. The disease lasts from one to five months. In the 
intervals the patients appear to be in good health. Gertier believes 
' that exhalations of marshes and stables have something to do with its 
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occurrence. He also finds it more common in those who work In a 
bowed position, and in those who are much fatigued and are neurotic 
and emotional. It is observed in laborers on farms. If has been seen 
in epidemics about Geneva, but no fatal cases have been^bserved. In 
the cases in Japan, Miura found an exaggeration of ^e knee-jerks. 
Dejerine thinks that the peculiar fits to which cats are liable are of 
this same nature. 

V. Vertigo may occur as a general symptom in disease of any kind 
within the cranium. It is especially frequent in diseases causing a 
sudden change in intracranial pressure. Thus the effort of straining 
at stool, lifting a heavy weight, or running fast may cause vertigo. 
Apoplexy is usually preceded or attended by vertigo, and brain tumors 
or abscesses, sclerosis or syphilis, no matter what their location, fre- 
quently cause vertigo. It is prolmble that in all these conditions some 
irritation is set up in the cerebellum or some defective circulatory con- 
dition is product in it snfiicient to disturb its function. This form 
of vertigo in not very intense and never causes forced movements, nor 
is it usually sufficient to cause unsteadiness of gait. It is often attended 
by vomiting and sometimes by convulsions. It is not usually asso- 
ciated with deafness. It is not relieved by lying down. It is worse 
on waking after sleep. It may be relieved by hot baths. 

VI. Vertigo may also be due to irritation in the cerebral centres 
produced by conditions of the blood. Thus certain toxic agents, alco- 
hol, nicotine, coffee, opium, quinine, the salicylates, the coal-tar pro- 
ducts, and many other drugs, cause vertigo. Vertigo is an early symp- 
tom in auto-intoxication from stomach or intestinal fermentation and in 
the early stage of almost all infectious diseases ; gout, uraemia, and 
diabetes may produce vertigo. 

VII. VertiM may be due to anaemia of the brain from heart failure, 
chronic valvular disease, particularly aortic obstruction, and mitral 
regurgitation, and from arteriosclerosis. It attends a fainting fit and 
severe hemorrhage. It is also produced by venous congestion of the 
brain, as after violent exertion, straining at stool, or lifting heavy 
weights. 

VIII. There are some forms of vertigo which are reflex in origin. 
These are so-called stomach vertigo and laryngeal vertigo. The nuclei 
of the vagus nerve lie close to tlmt of the vestibular nerve. Any irri- 
tation reaching one may easily extend to the other or be conveyed to 
the otiier by association fibres ; hence vertigo and vomiting are com- 

^ monly* associated symptoms. Stomach vertigo is a form of vertigo 
occurring in sudden attacks associated with belching of gas, or raising 
of acid fluid, with pain in the stomach and with various symptoms of 
dyspepsia, and relieved by vomiting. It may attend any ingestion of 
food or it may follow a meal after two or three hours. It is not infre- 
quently a symptom in dilatation of the stomach, but rarely in organic 
disease such as ulcer or cancer. It is more frequent in patients who 
are aneemio, poorly nourished, or neurasthenic. It not uncommonly 
develops in old pensons. It usually yields promptly to treatment 
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dirtcted to the stomach. Large doses of bicarbonate of soda, bismuth, 
or salol relieve it at once, especially if taken in hot water ; and care 
in the diet, with proper ti^tment for indig^tion prevents a recurrence 
of attacks. ^ 

Laryngeal vertigo is a symptom occurring usually in the course of 
tabes, especially when other laryngeal symptoms have been present. 
It occurs in a sudden attack, with cough, sense of suffocation, dyspnoea, 
and feeling of strangling. It lasts only a few moments, but may recur 
several times. It may be so intense as to cause asphyxia and loss of 
consciousness, and it has been fatal in some cases. 

Nasal vertigo may also be mentioned, though the reflex irritation 
here arises in ^e fiflii nerve. It occurs in cases of polyps and obstruc- 
tive mucous thickening in the nose, and is relieved by the removal of 
tile original disease. 

Other diseases supposed to excite vertigo by reflex irritation are 
uterine and ovarian affections. 

IX. Psychical disturbances sometimes produce vertigo. The dizzi- 
ness one feels when on a height is an example ; and as any mental 
experience may be revived in memory with an intensity equal to its 
perception, hallucinatory vertigo is a common symptom. It occurs in 
many cases of neurasthenia and hysteria, in hypochondria, and in trau- 
matic neuroses. This form of vertigo is rarely attended by staggering ; 
it belongs to a class of symptoms known as phobias or morbid fears, 
the fear of falling being often attended by vertigo. In such oases sug- 
g^on is of great use in treatment. Thus in one case so severe as to 
keep the patient in bed a cure was produced by convincing her that 
if her head was held steady she would feel no dizziness. The head 
was held at first by the hands, later, by a firm head splint attached to 
the back, and after two or three days the symptom disappeared. 
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The active part of the nervous system is the gray matter. The 
wliite fibres merely carry impulses to and from it. This gray matter 
is collected into three quite distinct masses : (1) the spinal and medul- 
lary centres — i. e., those from which the spinal and cranial nerves 
arise ; (2) the basal ganglia ; (3) the cortex. ' In the entire vertebrate 
species it is possible to assign to these distinct masses different func- 
tions : to the spinal and medullary centres reflex action, to the basal 
ganglia automatic action, to the cortex conscious and voluntary action. 
In dealing with reflex disturbance it would, therefore, at first appear 
that we were to be limited in our discussion to affections of the spinal 
cord and medullaiy centres. These must certainly be considered. 
Yet we are not thus limited. For each lower system is under constant • 
control from the one above it ; hence the spinal (reflex) activity l)eing 
the lowest is dominated both by the basal (automatic) activity and by 
the cortical (voluntary) activity. Hence, disturbances of reflex action 
may be brought about by anything which either increases the normal 
inhibitory action of the higher centres or removes that action, as well 
as by disease of these reflex centres themselves. A prompt motor 
response to a sensory stimulus is the action which should normally take 
place when the reflex centres are called into play. Sneezing, wink- 
ing, swallowing, coughing, the secretion of alkaline saliva in the mouth, 
and acid gastric juice in the stomach, when any foreign body is put into 
these cavities, the act of vomiting when that body is an active irritant, 
or of increased peristalsis of the intestines if the foreign substance 
reaches it ; the flushing of the skin with blood when exposed to 
changes of temperature, the regular respiratory and cardiac movements, 
and the vascular tone ; these as v^ll as the so-called tendon and skin 
reflexes are examples of reflex activity. Without such reflex action 
the balance of supply and demand in the human economy would be 
impossible and life itself would cease. A power of quick and appro- 
priate Response to normal or abnormal irritation is a natural power of 
the loVest masses of gray matter. I cannot And any evidence from 
the'stfidy of disease that the exercise of this power is in any way detri- 
mental. This power may be interfered with in several ways. Strych- 
nine and its co^cient drugs will increase it. The result is manifest 
(1) by an unnatorally strong response to a weak irritation ; (2) by an 
abnormally long and continued response to ordinary irritation. The 
spasms on slight touch and the opisthotonos with rigidity in a guinea- 
pig poisoned by strychnine are examples of both. In man tetanus 
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furbishes a good illustration ; but the extraordinaiy state of nervous 
irritation, the starting and jumping at little noises, the flushing on 
slightest irritation, the cramps produced by heat, the extreme uneasi- 
ness and hypersesthesia present in spinal meningitis are equally good 
examples of ificreased reflex activity due to direct irritation. Reflex 
activity may be suspended by violent and sudden irritation. Injuries 
to the abdomen or head may arrest all reflex activity and cause death 
in man as well as in a frog, as described by Goltz. It may be imjmired 
by an excess of moderate irritations coming simultaneously. Just as 
the conscious attention cannot be given at one time to several subjects 
and elicit simultaneously appropriate responses to all, so reflex centres 
may be embarrassed by numerous simultaneous stimuli and fail to react 
to any one in proper degree. The condition subsequent to severe 
traumatic concussion is an illustration. 

When we seek for illustrations of either increased or decreased reflex 
excitability from spinal disease it is evident that we must allude to 
very serious diseases. The reflex mechanism is too important and too 
stabile to be aflected by little irritants, or by slight causes. If it were 
not, the numerous, inevitable stimuli consequent upon an active life 
would constantly put that life in danger. How few of the severe acci- 
dents which constantly occur really afiect in any marked degree the 
reflex nervous system ? Many serious irritations, traumatic, painful, 
distressing, fail to cause a single spinal nervous symptom ? The sur- 
gical wards of a hospital ofler little field for the observation of reflex 
nervous disturbance — happily for the inmates. In the lower animals 
such aflection^ rarely exist. 

Turning now to the other cause of disturbance of reflex function, 
defective control by higher centres, we at once enter upon a broader 
field. Arrest of reflex activity is rare and needs little consideration. 
It may be produced voluntarily, as one may prevent the knee-jerk by 
intention, or inhibit the act of swallowing, as in hysterical dysphagia. 
It may be produced involuntarily, as when cerebral htemorrhage 
inhibits respiratory or cardiac action ; or extreme fright causes death 
in the same way. Increase of reflex activity from central causes is 
common. The act of control rnuEj^ be constantly exerted in order to 
preserve the balance of power and the proper harmony of action in 
the nervous system. Whether we start from a consideration of moral 
conduct or of the plantar reflex we reach the same conclusion. And 
in central control a slight defect produces widespread and serious 
results. A man who has once abused a confidence will not 'be im- ^ 
plicitly trusted, though he lives fora hundred years. A smalhclot in 
the brain will set all the motor, vasomotor, and sympathetic centres in 
such a state of instability as to impair all confidence in their action. 
A hemiplegic who has apparently recovered still has the increased 
knee-jerk. This may not in any way impede the action of the reflex 
centres. That is carried on exactly, accurately, satisfactorily, and its 
action does no harm. The emptying of the bladder as soon as it is 
full is a perfectly normal, satisfactory act on the part of the lumbar 
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spinal cord, and active incontinence of urine is not a symptom that it 
is diseased. It is an indication that impulses calculated to restraivthe 
act till an appropriate time and place oners are prevented from reach- 
ing that normal reflex centre. There must be a proper harmony and 
succession of reflex acts with some definite order for the nervous 
system to fulfil its whole duty. And any defect in that order may 
cause effects which in other conditions would not be defects. 

If these patent facts of physiology be accepted, I think we must con- 
clude that in those diseases known as reflex neuroses, in which there 
is no real defect in reflex action, but only an undue or inharmonious 
reflex activity, the actual origin of the di^ase must be either in an 
excess of activity in the lower centres or a defect of control in the 
higher centres. As we have seen, an excess of activity is commonly 
called forth only by very severe causes; while a defective control 
may come from slight ones. Phenomena comparable to tetanus or 
strychnine poisoning are rarely, if ever, seen in reflex nenroses. In 
the various reflex neuroses in which peripheral irritation is the sup- 
posed cause of disease, it is my opinion that when peripheral irritation 
is the actual cause, nature indicates it by attracting attention to the 
seat of irritation by discomfort or by pain.‘ And when, as in very 
many oases, the source of the irritation is by no means evident, is only 
found, or supposedly found, by extraordinaiy effort, the probability is 
largely in favor of the assumption that the reflex neurosis is not pro- 
duced by any direct peripheral irritation, but is the manifestation of a 
slight or serious defect of control by higher centres due to their im- 
paired nutrition and consequent impaired activity. 

Theories are attractive, but misleading. Experience is a better 
guide. In my own experience I am sure that a very large majority 
of the patients who present symptoms of reflex neuroses have been 
exposed to influences which undermine the strength and nutrition of 
the entire nervous system, have serious symptoms, not only of a so- 
called reflex character, but of defective central control ; are to be 
regarded as suffering from functional or organic disease of the highest, 
most complex, most highly developed portion of the nervous system ; 
and are not merely the victims of irritation in some peripheral organ. 

We know that long since the nation of a reflex paralysis — such, for 
example, as a general paraplegia from a slight wound of the hand — 
has been abandoned, and these cases are to-^ay explained more satis- 
factorily upon the theory of mental shock rather than spinal irritation. 
That they are rare, must be conceded. Two surgeons of this city, of 
the largest experience, have told me that they have never seen a case. 
We are coming rapidly to the notion that the symptoms in the so- 
called condition of spinal concussion are really due to the same state 
of mental shock. The highest, most delicate, most easily affected 
centres of the nervous system, those which are the last to arise in the 
process of evolution are, as Highlings-Jackson has pointed out, the 
first to fail in dissolution, are the easiest affected by sudden and unex- 
' See Medical Becoid, January 1, 1890. 
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pected mental irritation. How else can we explain the fact tha^ in a 
railway accident, passengers who are asleep rarely suffer from after- 
effects? Passengers who are awake suffer the immediate alarm and 
the subsequent symptoms. 

The phenqpena of hypnotic suggestion have proved conclusively 
that many so-called spinal neuroses are really due to defective cerebral 
control. It is not necessary to call such defect hysteria. Mental 
shook and mental worry may produce such an unstable state of the 
highest centres that their inhibitory action is removed, allowing lower 
centres to manifest unusual activity. In such cases, then, the actual 
manifestation may perha{» be in a lower centre, but the actual seat of 
disease is not necessarily there. It is in the higher centre, which 
controls the lower. 

Let us take, for example, a o&ee of so-called uterine reflex neurosis. 
The irritation from the organ reaches the lower spinal cord. If its 
centres are really excited to activity, we should expect such symptoms 
as occur in a spinal meningitis, viz. : hypereesthesia of the legs and 
cramps and spasms of the calves, vesical and rectal tenesmus, and active 
incontinence of urine. But th^ are not the symptoms found. You 
do find pain and a dragging sensation in the back. This does not cause 
any manifestation of true spinal reflex activity. There is no evidence 
of such activity. It does produce a wearing discomfort, appreciated 
consciously ; received, then, in the highest cerebral centres ; exhaust- 
ing them, and impairing their control over the lower, especially the 
vaso-motor, centres. Hence the headaches, general nervousness, flush- 
ings, feelings of heat, etc., symptoms of general instability of the lower 
centres, not of the lumbar cord centres themselves in particular. It is 
mistake to call this a reflex neurosis. It is a general nervous exhaus- 
tion, due to a peripheral pain. The actual spinal reflex centres have 
no part at all, or very Httls part, if any, in the complex of symptoms. 

I think the same is ti^ue — muiaiw mtUandis — of eye-strain. Let 
an eye be actually strained by defective vision, defective accommoda- 
tion, or muscular asthenopia, and the result is increased winking. 
Watering of the eye, feeling of inability to use it, pain, heavy eyelids, 
possibly conjunctival hyperaemia ; and in an animal under strychnine, 
nysb^mus, or twitching of the ocular muscles — a phenomenon rarely 
seen in man — never seen, in my experience, from the so-called strain 
of the ocular muscles. Every pther muscle in the body, if much over- 
strained, will become irritable ; the knee-jerk can be increased by exer- 
cise ; the biceps twitches spontaneously after a weight is raised. . Who 
has not felt the tremor of an oveivstrained ret of muscles? W^l^ is it 
that,, in eye-strain of the external ocular muscles, nystagmus is never 
seen ? A serious strain of the intra-ocular tension — such as occurs 
in astigmatism and hypermetropia — gives rise to discomfort, to volun- 
tary effort to strain ^e eyes in using, to effects, in other words, upon 
not the centres governing ocular mption, but upon the conscious volun- 
tary centres of the cortex, upon the centres of highest evolution, 
most delicate, mdst susceptible to slight effects. The result is cortical 
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exhaustion, similar exactly to that produced by uterine or ovariui 
pain, or by pain anywhere, or by mental shook or mental worry. • 

Take, l^tly, the so-call^ reflex convulsions from genital irritation 
in boys — due to phimosis, or concretions behind the prepuce, or to 
masturbation. Such convulsions occur only in neu(otio children. 
They are always preceded by mental irritability, they never occur 
without some evidence of cerebral irritation. It is rarely that any 
such evidence of spinal irritation, as frequent micturition, or cramps 
in the calves of the 1^, attends them. The irritation, then, is acting 
upon the entire nervous system. The weakest part yields first. That 
part U the part which controls the other parts. The child is not suf- 
fering from reflex irritation. Irritation at the periphery is the cause 
only in part ; a weak nervous system is the potent predisposing cause. 
And, unless this be strengthen^ at the same time that the peripheral 
irritation is removed, there will be a recurrence of the symptoms from 
some other apparently trivial cause, and he who treats these will never 
cure the patient. The same thing is true of genital irritation in adults. 
Spermatorrhcea, seminal emissions, atrophy of the testicles, exist un- 
noticed in many persons until attention is called to them, the mind 
dwells on them, the higher conscious emotional nervous system is irri- 
tated by worry, and then the symptoms of so-called sexual or spinal 
neurasthenia develop. The trouble is not spinal, is not reflex, it is 
cortical. Thus physiological investigation and careful clinical study 
combine to prove that while peripheral irritation may produce nervous 
symptoms, it is not directly through the lower centres, it is not by 
exciting reflex action. It is rather by producing exhaustion of the 
highest conscious centres which control the entire nervous mechanism. 
The largest engine is governed by a very small steam crank. A little 
motion of that will produce very great motion elsewhere. If the en- 
gine is whirling itself to destruction, do not attempt to stop the fly- 
wheel, do not catch hold of the binding straps, but turn off the steam 
by the little crank. 

In any case of so-called reflex neurosis do not be satisfied by merely 
removing supposed peripheral irritation, but increase the nutrition of 
the entire system, give it food and drink, strengthen it by every pos- 
sible means, baths, exercise, rest ;* regular, not hurried work in many 
directions, not in one only ; and by tonics, to enable it to exert all its 
powers of control, and the peripheral effects will disappear of their 
own accord. 

In^-the presence of a case of neurasthenia with peripheral symptoms, 
of chorea, or epilepsy, or hysteria, with sources of peripheral irritation 
present, go back of the apparently important symptoms to those of 
real causal moment, and the therapeutic results will be more satis&c- 
tory and more enduring. 




PART IV. 

THE SYMPATHETIC NEEVOUS SYSTEM 
AND ITS DISEASES. 

CHAPTER LIL 

VA80-M0T0E AND TEOPHIC NEDEOSES. 

Phyriolo^ of the Vaao>motor System. Erythro-melalgia. ^mmetricel Chingrene. 
Anmo-neurotic (Edema. Trophic Nerves. Atrophy. Hj^rtrophy. Megalo- 
cephalie. Neurotic Ulcers. 

Definition. — In the term vaso-motor and trophic neuroses it is 
intended to include a number of forms of disturbance of circulation 
and nutrition which are caused by disorders of the nervous system. 
Such disturbances may occur in any part of the body. They are not 
to be regarded as distinct diseases, but rather as symptoms of lesions 
in the peripheral or central nervous system. They may present them- 
selves in various forms, as hypereemia or aneemia or instability of 
vascular tone, as atrophy or hypertrophy or disintegration of normal 
tissue. Their consideration cannot, however, be assigned to any pre- 
vious department of this volume nor relegated to various divisions of 
it ; partly because in some cases they are to be traced to lesions of the 
sympathetic system, not elsewhere considered ; partly because of our 
ignorance as to the exact location in many cases of the lesion of which 
they are manifestations. 

It is not possible to distinguish accurately in all cases between the 
vaso-motor and the trophic neuroses, for while in many features they 
are distinct, in a large proportion of cases they occur together. But 
it is not possible to ascribe all trophic changes to vascular disturbance, 
nor all vaso-motor changes to a defect or excess of trophic action. 
Hence a separate consideration of these allied subjects must be given. 
It is always to be remembered, however, that each may give rise to the 
other^ and that in their pathology they are closely connected. Vaso- 
motor disturbances manifest themselves (1) by a dilatation of the ves- 
sels, producing redness, heat, and rapid metabolism in the part affected ; 
or (2) by a contraction of the vessels, causing pallor, coldness, and 
malnutrition ; or (3) by an alternation of these conditions and conse- 
quent temporary disturbance of function. Trophic disturbances may 
occur in consequence of such increase or decrease of blood-supply, or 
independently of any vascular change, causing (1) an abnormal pro- 
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duotion of tissue in an organ, or (2) a decrease in the size and number 
of Its constituent cells, or (3) an actual degeneration of the elements 
which make it up, after which their place may be taken by another 
kind of tissue. Under all these circumstances the function of the part 
affected will be disturbed, and symptoms will be produced which will 
vary with the tissue or organ involved. Hence a general considera- 
tion of these symptoms must be given. Before preceding to a detailed 
consideration of these neuroses it is neceswry to mvietr the physiology 
df the vaso-motor and trophic systems, in order to make clear the 
manner in which they perform their functions. And iniumuch as the 
pathology of these affections is best understood by comparison with 
experimental lesions made by physiologists in investigating their func- 
tion, it will be treated together with their physiology. 

VASO-MOTOB HEUBOBES. 

Fbysiology.—Looal Vascular Tone.— 'Since changes in the force 
and frequency of the heart's action, and variations in the total amount 
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of blood in the body, affect the body as a whole, the state of cirwla- 
tion in any one.oigan or part most be dependent upon the degree of 
, contraction or dilatation of its own vessels. This is known as the 
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local vascular tone. It is under the control of a system of nerve- 
ganglia with their subservient fibres which are found in the middle 
coat of all arterioles (Fig. 297). The energy expended by these 
ganglia is manifested by a constant moderate contraction of the circular 
muscular coat of the artery — a contraction which is*as constantly 
opposed by the dilating force of the blood-pressure within tlie vessel. 
An exact equipoise between these two forces never occurs, since each 
varies constantly, but in a state of health one never becomes perma- 
nently excessive. Considerable variations, however, in the local vas- 
cular tone are frequently observed. Thus each organ is influenced to 
a certain degree by every other, since an increase of blood in one part 
must involve a decrease in all other parts, the total amount of blood in 
the vessels being constant. Alteration in the heart’s action is felt 
more quickly in some organs than in others, and thus the general 
blood-pressure by its variations may cause secondarily a disturbance 
of local vascular tone. The variations now under consideration, how- 
ever, are not of this kind. They are such as are produced by influ- 
ences acting directly upon the ganglia in the vessel-walls. 

Local irritation is such an influence, and it may excite the ganglia 
to increased activity, so producing a contraction of the vessel and con- 
sequent pallor ; or it may suspend the action of the ganglia, so produc- 
ing a dilatation of the vessel and consequent flushing. 

Another influence is irritation acting from a distance and conveyed 
to the local ganglia by nerve fibres. These nerve fibres can be distin- 
guished from all others by their structure, being non-medullated, and 
% the fact that they have an indirect course, passing from the central 
nervous system to the sympathetic ganglia, and from these to the local 
ganglia in the vessels. The impulse sent along these nerves may 
afieot the local ganglia in one of two ways, and either cause contraction 
by exciting the ganglia, or dilatation % inhibiting the action of the 
ganglia. The r^ult pr^uoed has determined the names given to the 
impulse, to the fibre transmitting it, and to the centre whence the im- 
pulse proceeds, and hence vaso-constrictors and vaso-dilators are dis- 
tinguished from one another. 

The history of the developmeq|; of the sympathetic nervous sys- 
tem as well as its gro^ anatomy, affords distinct proof that it is not an 
independent system, as Bichat supposed, but is closely connected in its 
physiological action with the spinal cord and brain. Impulses which 
reach the sympathetic ganglia m)m a distance along the vaso-constric- 
tor oiVvaso-diktor fibres originate in the central nervous system. The 
nervous mechanism which controls the local vascular tone is therefore 
a complex one, consisting not only of the set of local ganglia connected 
with larger sympathetic ganglia, but also of centres in the spinal cord 
connectra with higher centres in the brain. The brain-centres in turn 
are complex, consisting of an automatic mechanism in the medulla regu- 
lating the action of all the subordinate parts below it, and of a series of 
cortical centres whose function it is to stimulate or inhibit the medul- 
lary mechanism. It therefore becomes evident that local vascular tone 
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ma;^ be modified by local causes acting on the ganglia in the vessels — 
e. g., cold or heat ; by changes in the sympathetic ganglia — e.g., the 
hypersemia of the face in lesions of the cervical ganglia ; by reflex 
action through the spinal cord — e. g^, pallor produced by pain; by 
reflex action through the medulla oblongata — ^. glycosuria follow- 
ing sciatica ; or by conscious or unconscious impulses coming from the 
cortex — «. g., the blush of shame, the vaso*motor paralysis of 
hemiplegia. 

Vaso-constrictors. — Such a mechanism, however complex in struc- 
ture, would be easily comprehended if the constant manifestation of 
energy in the maintenance of arterial tone had its only source in the 
action of the local ganglia in the vessels, and was affected only occa- 
sionally by impulses from a distance, as has been thus fiir supposed. 
This, however, is not the case, as has been demonstrated by a series of 
experiments beginning with the brilliant researches of Claude Bernard. 
The classical experiments of the French physiologist were made upon 
the sympathetic cord in the neck of a rabbit. Division of this was 
fliund to produce a dilatation of the vessels of the ear. Irritation of 
the peripheral end of the divided cord produced a contraction of the 
vessels. Division of the spinal nerves connected with the cervical 
sympathetic and of their anterior roots, or irritation of the out ends, 
produced effects similar in character to those caused by division or 
irritation of the cervical 8ym{)athetic. Destruction of the spinal cord 
in the lower cervical region, or division of the cord at any higher level 
up to the medulla, was followed by dilatation of the vessels. If the 
s^ment of the divided cord just below the section was irritated the 
vessels contracted. Destruction of the medulla at the calamus 
scriptorius and above it for three centimeters produced a general dila- 
tation of all the vessels in the body, but division above this level had 
no effect. The initial congestion produced by these various experi- 
ments was accompanied by a rise of temperature in the part. It was 
followed after a time by a partial recovery of vascular tone, which was 
more complete the farther the division from the local mnglia. These 
facts warranted the conclusion that the energy expended by the local 
ganglia in holding the vessels in a ^te of constant moderate contrac- 
tion is derived from the central nervous system, primarily from the 
automatic centre in the medulla, which in turn is reinforced by each 
of the secondary centres in the spinal cord and sympathetic ganglia ; 
and also that while the medullary centres control the entire bray, the 
cord and sympathetic centres control only those parts with which they 
are especially related. In order, therefore, to the maintenance of 
normal vascular tone the local ganglia must be intact, and they must 
be in connection with the sympathetic ganglia ; these must be active, 
and must be connected with the spinal cord ; the cord must be normal, 
and its tracts from the medulla must be capable of conduction ; the 
medullary centre must be active, and not hindered or spurred by 
cortical iii||lulse8 of a conscious or unconscious nature. Any injury 
to one or more of these parts will produce a vascular dilatation by 
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interfering with the transmission of vaso-constrictor impulses from 
within outward, and any irritation of one or more of these parts may 
cause a contraction of the vessels by increasing the normal stimulus 
sent to the local ganglia by the vaso-constrictors. 

Vaso-dilators. — The action thus far considered has Heen wholly of 
a vaso-constrictor kind, and the dilatation which has been mentioned 
has been due to cessation of the constrictor energy normally passing 
outward. This may be termed a passive dilatation. It is the kind 
produced by division of any one of the sympathetic ganglia or cords. 
But further experiments have shown that another kind of dilatation 
may be product, traceable not to a mere cessation of constrictor im- 
pulses, but to an impulse of a positive kind sent to the local ganglia 
and resulting in a sudden suspension of their activity. Such an im- 
pulse is really an inhibitory impulse arresting the action of the ganglia 
in spite of the continued stimulus sent to them from the central nervous 
system. Its result is a dilatation of the arteries, produced by the 
blood-pressure within them, which may be turned an active dilatation. 
That vaso-dilators act by inhibiting local ganglia which cause contrac- 
tion, is now accepted, especially since it is found that such inhibitory 
activity is constantly displayed by other parts of the nervous system, 
and is competent to explain the facts. The active dilatation produced 
by the inhibition of the action of the local ganglia is therefore to be 
clearly distinguished from the passive dilatation caused by the cessa- 
tion of normal tonic impulses sent to them from higher centres. The 
former is a pcsitive active vaso-dilator phenomenon. The latter is a 
negative paralytic vaso-constrictor phenomenon. The former is more 
effective, the dilatation being greater in degree and more permanent 
than the latter, and resembles exactly the dilatation product experi- 
mentally by exhaustion of the activity of the local ganglia by over- 
stimulation of the constrictors. 

An important point of contrast which has been established between 
vaso-constrictor and vaso-dilator impulses is that while the former are 
constant the latter are intermittent. Hence they cannot be regarded 
as opponents of one another. In a normal quiescent state vaso-con- 
strictor energy is dways being si^plied to counteract the continued 
intravascular pressure ever renew^ with the cardiac systole. The 
vaso-dilators are inactive. In an organ thrown into functional activity 
an increased flow of blood at once takes place, proportionate to the 
work being done by the organ. Such a functional hypermmia might 
be product either by a cessation of constrictor impulses or by an in- 
hibition of their effects. It is by the latter means and through the 
vaso-dilators that it is produced, and it is probably the chief function 
of the vaso-dilator nerves to r^ulate the blood-supply in accordance 
with the need of a part. Fur this reason these nerves have been sup- 
posed to pass with the motor nerves to the muscles. As few organs 
exist without a possible use, it is probable that vaso-dilators pass to all 
parts of the body, as Vulpian asserts, though they have not been demon- 
strated in every organ or every part. 
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Like the vaso-constrictors, the vaso-dilators can be traced to the 
spiral cord, and thdr centres there are governed by a general centre 
in the medulla, which in turn may be affected by impulses from the 
cortex. A destructive lesion in any part of the vaso-dilator system 
does not produce as marked effects as one involving the vaso-constric- 
tor system, since the symptoms of such a lesion will only appear when 
the vaso-dilators are called into play. When the vasc^ilator nerve 
to the submaxillary gland is out, no change is observed until by some 
sapid substance put in the mouth its function should be excited, when 
the gland is no longer found to flush with blood as in the normal state. 
It is by means of the vaso-dilators that erectile organs become engorged 
with blood. Eckbard has shown the nervi drigentes of the penis to be 
vaso-dilator nerves. If they are destroyed, the organs will not respond 
to the vronted stimulus — a symptom which, however, would only be 
noticed at intervals. An irritative lesion of the vaso-dilator system 
may produce permanent congestion of an organ or part, but this seems 
to be rather more rare than a congestion fiom paralysis of the con- 
strictors. It is seen in injuries of ^e peripheral nerves. 

Origin of the Vaso-motqr Nerves. — The exact course of the vaso- 
constrictor and vaso-dilator nerves has been traced from various parts 
into the central nervous system by the careful ex{)eriment8 of Dastre, 
Morat and by Gaskell. It is now established that they exist as sepa- 
rate nerves, although they often run together, and that they usually 
enter the spinal coid at different levels. 

If the various spinal nerves be cut singly from above downward, 
and the effects notM, and if the peripheral ends be irritated and the 
effects noted, and if with proper care the results be analyzed and com- 
pared, it will be found that the anatomical connections of the si^- 
ments of the spinal cord with the sympathetic ganglia, which are so 
evident at each level, are not the ones by which physiological impulses 
pass out at that level. The vaso-constrictors of the head, which can 
be traced to the superior cervical ganglion, do not come from the upper 
cervical region of the cord, as might be supposed from the connections 
of that ganglion, but from the first three dorsal nerves. They reach 
the ganglion through the sympathetic cord in the neck, having trav- 
ersed the inferior cervical ganglion on the way. There are vaso-pon- . 
strictors in the cranial cavity which accompany the -third, fifth, seventh, 
and twelfth nerves to the eye> face, and mouth. It is still undecided 
whether they originate in the cord and medulla, issue in the spinal 
accessory nerve, and with it enter the cranium (Gaskell), of, reach ^ 
those nerves by way of the carotid and vertebral plexus from the infb- ' 
rior cervical ganglion (Dastre and Morat). The vaso-constrictors of 
the arm, which can be traced to the inferior cervical and upper thoracic 
ganglia and to the thoracic sympathetic cord, are derive from the 
seven upper dorsal nerv(». It is true that division of the roots of the 
brachial, plexus causes a slight dilatation of the vessels of the arm, but 
this is so njiioh^inoreased when the dorsal nerve-roots are divided that 
it is evident that it is through them that the constrictor fibres chiefly pass. 



The vMo'-eonstiiotoi^ of ihe leg, which Ca^ bd trlwad intd thri ii^hd 
and third lumbar ganglia and lumbar syinpathatio edrdy ine (lun'ml 
from the five lower dofsal and first lumter nerved, and bhljr julfi’ the 
orund and soiatio nerves after passing through the a^oihihd hym- 
'pathetic. The thbracic viscera are probably efUptplied paHly through 
the branches of tho inferior cervical and thoracic ganglia, and partly 
through the pneumogastrio, the latter statement being disputed by 
Oaakell. The abdominal viscera are supplied partly through the 
aplanchnic nerves, which are made up of fibres issuing from the cord 
in the fifth to the twelfth 'dorsal nerves inclusive, and partly through 
the pneumogastria Thus the dorsal region of the cord is the origin 
of the majority of vaso-constriotor fibres in the body. 

The origin of the vasO-dilators is also to be traced to the dorsal cord. 
The va80*dilators of the bucco-facial region come frotn the seodnd to 
tbe fiftii dorsal nerves, whence they pass to the first thoracic gafiglion, 
and thence by the annulus of Vieussens into the cervical sym^thetio 
cord; Those of the eye, head, and ear come from the same ganglion, 
but have their spinal origin in the eighth cervical and first dorsal nervra. 
Those of the arm are traced into the upper thoracic sympathetic cord, 
which they reach from the five upper dorsal and last'^rvical 'nerVes. 
Those of the 1 ^ are trao^ to the first and second lumbar gatiglis and 
the lumbar sympathetic cord, which they teach from all the dorsal 
nerves from the sixth downward. ' Gaskell holds, howeVer, that the 
vaso-dilators of the extremities pass out of the cord in the cerVi^ 
and lumbar plexuses and accompany the cerebro-spinal nerves. The 
vaso-dilators of the thorax and abdomen are supposed to pass id the 
pulmonary plexus and splanchnic nerves, but this is not yrt fully 
determine. . ? 

Gaskell believes that vaso-motor nerves can be distinguished from 
motor and sensoir nerves in the spinal nerve-roots by the smallness of 
their calibre. He finds such fine fibres only in the spinal nerve-roots 
between the second dorsal and second lumbar segments of the cord (in 
the dog), and in the three upper roots of the spinal accessory nerve. 
According to his account, the vaso-constrictors issue from the spinal 
cord in both anterior and posterior nerve-roots as mednilated fibres, 
and pass to the sympathetic ganglia lying on the vertebra (proximal 
or lateral ganglia) ; there they lose their medullary sheath, and either 
efid in cells whence new fibres issue, or more probably pass directly 
onward as non-medullated fibres, having a connection with the uni- 
polar «ells of the ganglia only for purposes of nutrition. The number 
of fibics issuing from anyone ganglion is much greater than the num- 
ber entering it from the cord ; hence it is supposed that each medhl- 
lated fibre splits up into a group of non-medullated fibres; which is 
possible, as the researches of il^nvier have shown that each axis-' 
(^lihder is made up of numerous fibrila Leaving these ganglia, the 
nerves pa«i either to the second series of ganglia (distal or collateral 
^nglia)i whence they issue in plexuses to enter the vesselijOr fo the 
treSieis directlyi where they divide in plexuses: ' It is in thb meshes 
66 . 
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of plexus that the local ganglia of the vessel'walls are found. The 
vaso-dilators are thought to differ from the vaso-oonstrictors in passing 
directly to the distal ganglia as medullated fibres, not being connected 
in any way with the proximal ganglia. Ghiskell makes no statement 
regarding thdlr limits of origin from the cord, except to state that the 
nervi erigentes issue with the sacral nerves. He agrees with the view 
that the vaso-dilators act as inhibitory nerves upon the local ganglia. 

Vaso-motor Beiiexes.— -Thus &r, reference has been made only to 
fibres whose direction of transmission is centrifugal, and whose exit 
from the spinal cord is by the anterior nerve-roots. There are other 
fibres, however, through which centripetal impulses pass, and these 
enter the spinal cord with the posterior nerve-roots. The function of 
these fibres is to transmit sensory impulses inward to refiex centres, and 
thus set in action motor mechanisms of a vaso-constrictor or dilator 
kind whose effects are produced at the periphery. There are, there- 
fore, vaso-motor reflexes, as well as skin and tendon reflexes, whose 
centres are in the spinal cord. These reflex acts may be excited by 
impulses reaching toe centre not only through the vaso-motor centri- 
petal nerves, but also through the sensory nerves of the cerebro-spinal 
system. The effect of changes of temperature on the drculation in 
the skin (if the right hand plunged in cold water there is a fall of 
temperature in the left hand), the effect of pain upon the color of the 
face and the size of the pupil, the red cheek on the affected side in 
pneumonia, the occurrence of glycosuria during sciatica, — are all in- 
stances of such reflex acts. Many vaso-motor affections are produced 
by irritation causing reflex effects at a distance from the seat of irrita- 
tion— a fact always to be kept in mind. The utility of counter-irri- 
tation to the surface in diseases of the internal oigans is explained by 
supposing that vascular changes are produced in tihose oigans through 
reflex mechanisms set in action by the local irritation. While some 
of these reflexes may have their central mechanism in the local ganglia, 
it is probable that the majority are to. be traced to the spinal cord. 
It is believed that the sympa^etio ganglia are not the srat of reflex 
centres. 
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the vaso-motor reflex centres are situated in this region ; and the 
hypothesis has been advanced by Jacubovitch, and strongly urged by 
Gaskell, that the cells of tlie vesicular columns of Clarke, which are 
peculiar to this region, are the seat of these reflex mechanisms. This 
hypothesis gains some support from the pathology of lyringo-myelia. 
In this disease the gray matter surrounding the central canal and the 
vesicular columns is destroyed. The characteristic symptoms are 
vaso-motor and trophic disturbances, consisting of changes in the vas- 
cular tone, changes of local temperature, and various eruptions, in some 
oases going on to nlceration in the skin and mucous membranes. It 
is, however, undecided whether the vaso-motor centres of the cord are 
limited to the columns of Clarke, or are situated in the gray matter 
surrounding the central canal, since both these parts are destroyed in 
this disease. That they are not located in the anterior or posterior 
gray cornua is determine by the fact that diseases limited exclusively 
to these areas do not cause vaso-motor disturbances. The situation of 
the various reflex centres ibr the various parts of the body is at differ- 
ent levels of the cord, as has been determined by the experiments 
already cited to establish the level of origin of the vaso-motor nerves. 
The exact location of the vaso-constrictor and vaso-dilator reflex 
centres for definite parts is yet to be ascertained. 

Vaso-motor Tracts. — These reflex centres are connected with the 
medulla by tracts which lie in the lateral columns of the spinal cord, 
although it is not determined in which part of these columns. It is 
not possible as yet to separate the constrictors from the dilators in this 
tract, nor to determine whether it transmits impulses in both directions 
or only from above downward. Nor is the course of associating fibres 
between reflex centres at different levels known. In cases of trans- 
verse myelitis the control of the medulla is removed from the vascular 
centres below the lesion, and the lack of vascular tone seen in the 
paralyzed limbs, together with the susceptibility to local irritation, is 
the result of this division of the vaso-motor tracts. 

Medallaxy Centres. — It has been stated already that a general vaso- 
motor centre with both constrictor and dilator powers is situated in 
the medulla. This lies in two diwsions on each side of the middle line, 
in or just beneath the floor of the fourth ventricle, from the calamus 
scriptorius up to the level of the sixth nerve-nucleus. Each division 
governs the vascular tone of its own side of the body,' and lesions in 
its region in man produce unilateral vaso-motor symptoms.’ This 
centste can be excited to reflex action by strong irritation locally or 
through the blood, in which case a general constriction or dilatation 
of the vessels of the entire body will ensue. It seems probable, how- 
ever, that the general centre in the medulla* is made up of a number 
of special centres, each of which governs a definite set or organs. The 
vascular tone of the thoracic and abdominal viscera is certainly regu- 

‘OwBimikov, Arbeiten ana d. PhyaioL Instit. ni Leipzig, 1871. 

*H. A. Starr, “SensoiT' Tract in Central Nervous Sjvtem,” Jaum, Nerv, and MaU. 
JHt., July, 1884, pp. 396-^98. 
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iated by a series of such oe'nttes. Brown^S6quaid and Sobiff have 
product hemorrhages in ibe lungs, pleura, stomach, intestines, and 
kidneys at different times by destructive lesions of the mednlla, and 
the well-known experiments of Bernard in which by puncture of the 
medulla local hyperemia of the liver or kidneys was caused, producing 
glycosuria or polyuria, confirm this view. Lesions of these parts in 
man produce similar effects. Charcot has shown that in cerebral 
hemorrhage eccbymoses may be found in the stomach, pleura, and 
endocardium, and that pneumonia is especially frequent upon the paiv 
alyzed side. De Jonge ' has been able to collect thirteen cases of dia- 
betes mellitus in which a lesion of the mednlla (hemorrhage or tumor) 
was found after death ; and Flatten* has proven the existence of sim- 
ilar lesions in diabetes insipidus. The connection of these centres with ' 
the liver and kidneys has also been traced.* The medulla con- 
tains a special centre for the vaso-motor nerves of the abdomen^ which 
are in the domain of the splanchnic nerves. This centre is excited 
refiexly by impulses reaching it through the depressor nerve of Cyon 
from the heart; so that when that oigan is overburdened it may be 
relieved by a fall of arterial pressure produced by dilatation of the 
abdominal vessels. -Whether the connection of the medulla with the 
centres in the semilunar ganglion which preside directly over these 
/vessels is made by way of the spinal cord or by way of the pneumo- 
gastric nerve is Still undetermined, though the researches of Gaskell 
&vor the former view. Gastric and intestinal disturbances are certainly 
produced by nervous lesions in the medulla, but whether they are due to 
vascular changes is uncertain. The vomiting of mucus and blood, and 
the large wateiy evacuations which accompany mental shock or anxi- 
ety, as well as the polyuria associated with mental effort, have been 
ascribed to irritation of Ibcal centres in the medulla governing the 
gastro-intestinal and urinary oigans by impulses received from the 
cortex above. The spleen is under the control of vaso-motor centres, 
since section of the splenic branches of the semi-lunar ganglia will 
produce a great enlargement of the organ, and irritation of the cut end 
of these branches will produce contraction.* The medulla also con- 
tains a vaso-dilator centre for the erectile tissues of the genital organs, 
irritation of which by mental action or local disease causes impulses 
to pass to the nervi erigentes by way of the spinal cord, resulting in 
a flow of blood to the parts. Although a centre has been thought to 
exist controlling the circulation in the lungs, whose paralysis has been 
supposed to explain the occurrence of sudden pulmonary oedema >vith- 
out other known cause, no definite facts regarding it are known. cTbat 
the action of the heart is under the control of the medulla is a &ct too 
well known to require mbre than a mention. The physiology of the 
nervous control of the heart cannot be discussed here. 


' ‘Awh.f. PSych^xlii. '/Wa. 

'See Tyaon, “Diabetes Mellitus,'’ Feraper’s SVstem of Medidne, voL p. 196; 
Edea “ IMabetes Indpidus,’’ i6td., Tol. 30. 

' 'iVirchanofl|.Pff%tt’a Ait]i., viiL, p^ 97 Boss, Diseases of the Nuvoiu Sydem, 
▼ol. i., p. 226. 
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Whfle these medullary centres are certainly influenced by impulses 
reaching them from the cerebral hemispheres, as is evident frona the 
vaso-motor symptoms produced by mental action — e. g. pallor from 
fright, blushing, etc. — it is impossible to state in what portion of the 
hemispheres in man the higher vaso-motor centras lil. Eulenburg 
and Landois locate them in the motor area in animals.* They ave 
certainly beyond control of the will, and are wholly reflex in their 
action, a purely mental act in this case being the excitant of a purely 
physical result.* 

Pathogenesis. — From this review of the physiology of the vaso- 
motor system it becomes evident tliat disturbances of vascular tone 
may be produced by many difiPerent causes acting upon many various 
parts. They may be due to local afleotions of the part in which the 
symptoms are present, as in the case of erythema after burns or frost-^ 
bite, or congestion of any organ after injury. They may be due to 
aflections of the vaso-motor nerves passbg to the part afleoted, as in- 
the case of vascular changes due to peripheral nerve lesions. They 
may be due to aflections of the sympathetic ganglia connected with the 
part affected, as in the case of migraine, sudden flushing of one ear, 
certain cases of polyuria, and Basedow’s disease. They may be due 
to lesions in the spinal cord affecting the vaso-motor centres or com- 
pressing the nerve-roots on their way to and from the sympathctio 
ganglia, as is the case in the various forms of myelitis and in Raynaud’s^ 
disease or symmetrical gangrene, and in meningitis, tumors of the 
cord, or Pott’s disease. They may also be caused by such conditions > 
in the cord' as out off the vaso-motor centres from the medullary 
centres, such as transverse myelitis from compression or traumatism. 
They may be due to lesions of the medulla oblongata, as is seen in 
^me oasM of polyuria and glycosuria, and in cases of universal 
erythema following acute fevers. They may be due to diseases of the 
cerebral- hemispheres, as is evident from the vaso-motor symptoms 
occurring in- hemiplegia and hysteria. Finally, they may be of a 
reflex origin, dependent upon some obscure source of irritetion in a 
part quite distant from the region in which the symptoms appear. 

Diagnosis. — The diagnosis of the seat of the lesion in many cases 
of vaso-motor neurosis may be made if the organ or the exact limitation 
of the area affected be ascertained, and the history of the case, together 
with the concurrent symptoms of other kinds, be considered. In some 
oases no orgsnio cause can be found, and in these a reflex cause should 
be diligently searched for. 

Symptoms; — A vaso-motor affection may manifest itself either by 
a spasm or a paralysis of the vessels. In angiospasm the part affected 
becomes pale, and irritation no longer causes a vaso-motor reflex. It. 

'Arch, Filth.- Anat, Bd. Ix^!,, p. 245. 

* In addition to the orticlea already cited the reader ia referred to Landois’a Phyriol- 
ogy, to Dnval'a article, " Yaso-motenre,” in the Dictionnaire de Mddecine etdeChir' 
nraie, vol. xxxviii., for a summary of Taao-motor physiolof^y, and to Qerhardt’s 
“ Ueber Anfoo^euroaen,” Yolksmann’a Hammiunx klin. Vorti^i^ No. 209, and to 
Oaskell’s researches, published in Uie Journal of Physiology, 1886: 
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looks shrunken, and if the skin over it is loose it may be thrown into 
fuldi or shrivelled, presenting the appearance seen in the hands after 
long immersion in hot water. The lack of blood in the part arrests 
the processes of metabolism which are normally constant, and if the 
condition conttaues this may result in such a disturbance of nutrition 
that ulceration, or even gangrene, may ensue The local anaemia, 
combined with the cessation of metabolism, produces a iall of tem- 
perature in the affected part, which is then more easily affected by the 
temperature of the air than in a normal state, so that exjrasure to cold 
is very liable to cause freezing. These conditions necessarily produce 
an impairment of function, so that if the affection is locat^ in the 
extremities, as the lingers, they are soon rendered useless. The* term 
digUi mortui has been applied to this state. In the surface of the body 
angiospasm causes cutis anserina, pallor, numbness, tingling, slight 
ansBsthesia, and analgesia. If it occurs in a limb, the finer motions 
are imperfectly performed, and in time the nutrition of the muscles 
may be so impaired as to produce atrophy and paresis. It may even 
lead to gangrene. Nothnagel has recorded ' five oases of sciatica in 
which the pain produced a reflex spasm of the vessels of the leg, 
which, persisting, resulted in partial paralysis, atrophy, lowering of 
iemperature, pallor, and sensory disturbances. Ross mentions the 
sudden appearance of circumscribed patches on the hands and fore- 
arms of washerwomen, in which there is a pallor, coldness, and partial 
anaesthesia. These may be limited to the distribution of a single 
nerve, and may be accompanied by trophic affections. 

Spasm of the veins may occur as well as of the arteries,* or inde- 
pendently of them. In the latter case the blood will not pass out of 
the capillaries. The part will then be blue, swollen, oedematous, and 
painful ; the temperature will be lowered by increased radiation of 
heat, and all the sensations and functions be impaired in greater or less 
degree. If this continues, nutrition may suffer, and in the end gan- 
grene develop, which will take its course and lead to the throwing off 
of the part. Grainger Stewart has described such a condition occurring 
in both hands and feet.* It may be likened to a severe form of Ray- 
naud’s disease. • 

Angio-paralysis is more frequent tWn angiospasm, and may be due 
either to paralysis of the vaso-constrictors or to excitement of the vaso- 
dilators. It shows itself by a bright-red or. mottled appearance of the 
skin, and increase of local temperature, and more rapid processes of 
nutrition, together with an increase of secretion if the part is a glaiid or 
a mucous membrane, and an increase of sweat if it is the skin. In the 
latter case an increased sensitiveness to changes of temperature, a sub- 
jective sensation of heat,and hypenesthesia and hyperalgesia may occur. 
The hypersBsthesia on the paralyzed side which is present in hemipare- 
pl^a spinalis is ascribed to the vaso-motor paralysis. But these 

'Arch. f. Psydh., ▼. 

*Weia8, "^mmetriKhe GhuiBrSn, *’ Wiener Klinik, 1882. 

'Grainger ^waA, An Introduction to the Study ot Nervous Diseases, p. 188. 
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symptoms soon give pkoe to others. The dilatation of the vessels, 
which at first caused an increased flow of blood to the part, prodiyses a 
slowing of the biood-cnrrent in the part, just as a river runs less rapidly 
where it becomes wider. The slowing of the current in the skin 
allows of a more complete cooling of the part as the n^iation of heat 
and the evaporation of moisture are increased, and the slowness of the 
renevral of blood impairs the processes of nutrition, so that to the first 
stage of redness, heat, and increased metabolism there ensues a stage 
of blueness, cold, and defective nutrition, and the function of the part 
may be imimired. In this stage it usually presents a mottled appear- 
ance, and may be slightly swollen and oedematous, and the continued 
increase of perspiration gives it a clammy coldness to the touch. In 
all of these conditions severe pain, sometimes of a burning character, 
is a very distressing symptom (causalgia). These conditions are seen 
in peripheral nerve-lesions, and give rise to the appearances which 
have been so admirably described by Weir Mitchell.^ 

A peculiar combination of symptoms may be mentioned here, to 
which Weir Mitchell has given the name of eiythromelalgia.* This 
symptom begins with tenderness and pain in the soles of the feet, 
which are soon followed by a marked distension of the capillary vessels. 
The congestion is attended by a sensation of burning pain similar to 
that produced by a blister. The surface is at first of a dull dusky-red 
color ; later it appears purple. The redness is not uniformly distrib- 
uted over the sole, but occurs in patches of irregular shape, being 
especially frequent over prominent parts exposed to pressure and fric- 
tion, and the attacks seem to l>e brought on by long standing or walk- 
ing. At first there is a rise of temperature in the aflected surface, the 
arteries pulsate visibly, the veins are swollen, and there may be some 
oedema. Later, the foot is cold and pale. Sensations of touch and 
temperature are normal, but the part is so extremely tender that walk- 
ing is impossible. There is no paralysis. One or both feet may be 
aflected, but the patehes of redness are rarely symmetrical. The hands 
are occasionally aflbcted. The condition may occur in paroxysms or 
may remain for some time. It resists all known methods of treat- 
ment, although applications of cold relieve the burning pain to some 
extent and the tenderness enfoites rest. 

With angio-paralysis may be classed the taches c£r£brales of Trous- 
seau, no longer considered diagnostic of meningitis, but denoting a 
weakened condition of vaso-constrictor action in the local ganglia of 
the vessel-wall, which may occur upon local irritation of the skin in 
any severe disease aflecting the nutrition of the general nervous 
sy^m. 

Actual rupture of the capillaries in the course of vaso-motor diseases 
is rarely observed, although the stigmata appearing in hysterical and 
cataleptic patients may be ascribed to this cause. In this connection 
tabetic ecchymoses. may be mentioned, which appear suddenly with- 

* InjurieB of Nerm. 

■ Amer. Jour, of the Med. Sci., July, 1878. 
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oajt l^l '^jurT, aod resemble an^ ordinary bruise^ rannu^g a ijimlar 
^iU|e. 'They oqour only la the course of locomotor atoxia.* ^ 

' In addition to these forms of vaso-motoi; affections there ia a,.^|tdi- 
tion of instability of vascular tone which manifests itself .'by su^deD 
transient changes in thie circulation of various organs. dThis ie a {unor 
tipnal affection; ofually due to malnutrition, jt Is seen in cases 
of neurasthenia end hysteria, and manifests, itself by sadden flusbes or 
pallor, altomatipos of heat and cold, local sweating, attacks of mental 
confusion, and inability to use any oigan continuously from disturb- 
ance of the power nf toe vaso-dilators to, maintain a condition of func- 
^ionid. hj^rsiniB.* Little is actually ebout the causee of this 
state .of the yaswia>^ ayetem^ although much, has been written about it. 

Intermittent claudication is a symptom pf sudden giving, out of one 
leg, cansi^ the patient to Hmp or to fall, due to a spasm of the large 
vessels. This is usually due, to arterio-^erosis, but may be. a func- 
tional neurosis. ,i- 

> Many frinctional derangements of the. internal - yisoeia have been 
aaeribed tnsuch yaso-motor instability wi^ more .Qt‘; less pfiphability,’ 
butj hypothesis of this kind^ : however plapalhle, is > evidently beyond 
confirmation, lb is especially in afieptiens. of this kind that causes of 
reflex fr!;itation are to be capefully sought C.lttaneou8 an^o-neurcees, 
such as. have just. l^n desetib^j tnay affe^«apy pa>^ of the body. 
They usually app<$H;- suddenly, producing much discomfort and. an, 
impairment of fimc.tipn ,in the part if it is an extremity. They diPr 
appear as rapidly as ibey, epme. The duration of such attacks, varies 
from a. few minutes, .tp . several days. They are very liable to lecuFt 
If it is the vessels undgri the.Qontrolj.pf the ceryicabsympstiietic whicb 
are affected, the symptoms, will, be ihose of migraine or of lesion of the 
ganglia. If it is the vessels, in the extremities which are involved, 
the condition of digit! mortui or erythromelalgia or symmetrical gang-; 
rene may be produped. 

: A singular epidemic occurred in France in 1828 and 1830 whiph 
^roa. termed acrodypim Many persons were suddenly seized with 
yomitiog and purging, and soon after the onset the extremities, became 
or< mo.ttled in blotchea, swollen and oedematous, and hot, painful^ 
and tender. ‘ The attacks lasted fromai few days to two months, and 
daring thi8.tlme: the skin became thick and bard, the muscles weak 
and subject to spasmsi tuul the general health was impaired. Relapses 
ocenrr^. in many cases, but all finally recovered, and hence the exact 
nature of the disease was not ascertained. , 

. .Oonrae. — In any rsise of vaso-motor. neurosis the course of the 
diseaM and its termination will depend chiefly upon its oause. *If 
tile, cause is some ppi^nuincab lesion of the nervous system^, the oondi- 
tiop vrlll remain, and in this case the, teiniination ViU . depend nphn^ 
the; se.vepity of .the symptoius. Angiospasm may be so. eevere as .to 

‘''^Sbnix^ Ansh. deirearologie, tome 638.. ' 

•AngeU Aieh. tflrRiychiiarie XTi, aiA . . : 

' Fox^ llle Inlueace ^the Synvetlietio Sjraton in London, 1986. 
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l^d to gangrepe and the. soparatioo of the paet&^ept^j or may be so 
alight as to. ' oaiise only subjective discomfort and a little paUor. 
Angio-paralysis may lead to an extreme degree of congestion, which 
is attended by heat and pain at first, later by parsesthesia and coolness, 
with increas^ liability of the part to be affected by <|{tanges in the 
surroundip^ air. This, stage is succe^ed by one of less marked dila- 
tation of the vessels and a spontaneous partial recovery, although the 
more moderate symptoms may continuei indefiqitely and seriously im- 
pair the function of the part. If the cause is a. temporary derange- 
ment of function in the vascular mechanism, is reflex irritation which 
can be removed, or is a curable organic dis^e, the symptoms will 
subside rapidly or gradually and perfect ^overy may follow. If the 
condition is one of irritability in the vaso-motor centres, producing 
alternations of flushing or pallor, such as. is observed in nervous 
exhaustion, it may recur irregularly for a considerable, length of time 
until the causative conditio.n can be reinpyed. 

Prognons.—Th(B prognosis must be determined in. each case by a 
conmderation of ^e cause of the affection, of the nature of the symp- 
toms, of the severity pf the disease, and. of the possibility of success 
in both symptomatic and causative treatment la the angio-paralytip 
.oases an, evratual spontaneous relief from much of the discomfort may 
be promised, although t^e dui^ion of the symptoms cannot be 
predicted. - - , “ ' ' 

TrMt^nt.-T Treatment must be directed primarily to removing 
or diminishing the severity of the. cause. A review of the section on 
Pathogenesis will indicate hpiv ^ide a field this -may include, and thp 
reader must be referred to, the special articles which are alluded to ip 
that place for therapeutic injures. Spepfal diligence is to be shown 
in searching for a source of reflex irritatiqn. When, the cause cannoj^ - 
be rea<died, and Vrben the syeqptpms are of such severity as to demand 
immediate, attention, treatment, may be directed, to. them. 

In all conditions pf vasuxmotpr disease it is important to shield thp 
part from, external injury ; for. if the vessels are dilated they are liable 
to.rupture, anji any abrasion of the surface may produce serious inflam- 
mation and qlcetatioa; and if the vessels are contracted any injury 
will be repai^ slowly and impeffeptly on account of the anaemia, and 
nuiy evep .^ten. the approach of gangrene^ 

Perfect, r^t, bandaging with option, and even the application of a 
light splint^ tp. the extremities will be advisable in cases of angiospasm. 
It is desirable to refe^in the animal heal^ inasmuch as its supply is 
defiment. In angio-pqralysis rest in a somewhat elevated position jsnd 
appliMtiops. of' mild; evaporating lotions are indicated in the early 
sta^ ; later, the limb mhy 1^ bandaged. It is not advisable, to attempt 
by tight bandaging, ta counteract the effect of the vascular paralysis^ 
for. the nutrition pf ^he jimb is liable to suffer and gangrene may 

indn^. , r . •. .1 

of q part afl^ected arith vaso-motor symptoms is of gi^t 
service, since the circulation pan be incim^ iq;^ theyei;is,,and thus 
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indirectly in the capillaries, and the nutrition of the part can thus be 
&v«>red. It is more efficacious in an^o-paralysis than in angiospasm. 
Too rough rubbing is of course to be avoided, lest the skin be injured. 
All counter-irritation is to be strictly forbidden. 

Electricitj^has been used with vaiying results. According to Erb, 
moderate faradic applications contract the vessels ; strong faradic ap- 
plications, especially with the brush, dilate the vessels. The galvanic 
current at first contracts the vessels, but this is followed by a secondary 
dilatation, which will be greater and occur more rapidly the stronger 
the current used. Cathodal closures contract the vessels ; the anodal 
continuous current dilates them widely. Stabile continuous currents 
through a nerve dilate the vessels which the nerve supplies. Inasmuch 
as vaso-constrictors and vaso-dilators pass together in many nerves, 
and are found together in all parts, it is impossible to apply electricity 
to either alone. In those cases, therefore, in which it has been ascer- 
tained which set of vaso-motors is affected, it is not always possible to 
produce a direct effect upon that set by electrical treatment. Erb 
recommends in conditions of vaso-motor spasm a trial of the galvanic 
current, the cathode on an indifferent point, the anode being applied 
over the vaso-motor centres governing the part, and also over the area 
of the body, which is affected, and held there while a moderate con- 
tinuous current is passing, interruptions being avoided ; or, the cathode 
being placed on the neck, the anode may be applied to the nerves 
passing to the affected part; ora strong continuous current maybe 
sent through the nerve, its direction being changed several times dur- 
ing a moderately long application. Finally, the faradic brush applied 
to the part or a strong faradic current sent through its nerve may relax 
the spasm. In any case, all these methods should be tried before 
electrical treatment is abandoned. 

In vaso-motor paralysis other methods are used. The cathode is 
placed on the part congested, and a weak galvanic current is employed 
with frequent interruptions or even with changes of the pole ; or the 
cathode may be moved about upon the reddened skin while a mild 
continuous current is passing. A very weak faradic current with wet 
electrodes, or even a weak ffiradic current applied with a brush, may 
be of service. Here, again, various methods may be tried. 

If the extremities are affected, it may be well to immerse them in a 
basin of water which is connected with one pole of the battery, and the 
current directed in the manner just described, according to the case. 
It must be confessed that no definite results can be predicted froip the 
use of electricity in these cases, and much more experience is ii^ed 
before definite rules can be laid down. The records show that in 
apparently similar cases opposite methods of application have produced 
favorable effects, while in other ca^es all methods have ffdled. Too 
much reliance should not be placed in electrical treatment. Erythro- 
melalgia is ap obstinate affection, and symptomatic treatment, directed 
chiefly to quieting the pain by opium and allaying the sensation of 
’l>urning by cool baths, must be resorted to. 
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Interna] remedies may be tried appropriate to the condition present. 
In angiospasm nitrite of amyl inhaled, or nitro-glycerin i ^ t. i^d., 
may g^ve considerable relief, although both of these drugs are to be 
us^ with caution. Chloral hydrate is also of some service, and where 
the patient is in pain and suffers from insomnia this ma>fulfil several 
indications. In angio-paralysis ergot has been used with advantage. 
Oxygen inhalations are of service. Chloride of potassium may also 
be tried. It is evident, however, that such remedies, acting as they 
do upon the general arterial system, are not to be depended upon in 
the treatment of local conditions, since they have no selective action 
upon the affected part. The majority of the drugs known as sedatives 
and antispasmodics have been used in these conditions, but the records 
of individual cases show that they are not of much avail. 



CHAPTER LIH. 

^ SYMMETRICAL gangrene: 

'8ynon^8.*-^lxKsal asphyxia, Aspfayxie locale, Baynaud’s disease.; 
Symmetriscbe Oahgran.. *. ' ' ' ’ > 

Deflnitioin. — ■ Symmetrical gabgreBe is’ an affeqtbn of the nervou^" 
system eharacteri^ by arteri^ or venous ,spwm appealing in sym-' 
metrical parts of the body j especially in the plimangbs bf idl We extrem-’' 
ities, which may result in trophic changes or in gangrene. There are 
various stages in the disease, which have given rise to the various names 
by which it is known. The stage of local syncope, in which there occurs 
a moderate contraction of the arterioles and consequent pallor of the 
part, may be followed by a stage of local asphyxia, in which the com- 
plete contraction of the arterioles cuts off entirely the supply of arterial 
blood, and the r^nrgitation of venous blood produces cyanosis of the 
part ; and this, if continued, may result in the gangrene of the part, 
which is then thrown off. Instead of a condition of local asphyxia, 
there may be a spasm of the smaller veins, resulting in a local erythema, 
which may go on to capillary stasis and then to gangrene. The spasm 
of the vessels may cease at any stage as suddenly as it began ; and if 
tbis occurs in the first or second stage, no gangrene results. 

S3rmptoms. — The disease begins suddenly in all cases, and the con- 
stitutional symptoms are less prominent than the local ones. In some 
oases there are noticed a certain degree of mental disturbance, a condir 
tion of depression with a tendency to sigh and cry without cause, disr 
turbed sleep with unpleasant dreams, irritability, and headache. A loss 
of appetite and disorders of digestion may follow, and then the local 
symptoms appear. In other oases, which seem to be the majority, the 
local condition develops without any such premonitory disturbances 
of the nervous and digestive systems, ^Itliough these may ensue. The 
local symptoms first noticed may be parsesthesite or pain in all the 
extremities, usually limited to the tips of the fingers and the toes. 
These are continuous’ and severe, and are immediately followed (and 
' occasionally preceded) fay an appearance of isohsemia or of cyanosis or 
of erythema, in the order of frequency named. * 

(1) The fingers may look pale and dead, presenting the appearance 
of the so-called digiti mortui, and may be cold, pkinful, and anssthetio. 
If this condition’ is moderate in degree, a certain amount of blood will 
continue to flow ^rongh the contract)^ arterioles, and then it corre- 
sponds to the description g^ven by Raynaud of syncope locale. If it 
'is extreme, the may be wholly deprived of artedat blood, and 
|h|»n a true local asphyxia is present. In this stage the natients 
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iteualljr ^ffer mnsiderably, althoagh sdiiie do not complain of pain 
until the neict stage. The isoheemia is attended with an impairn^nt 
of sensation to touch, tempmatur^ and pain, and finer motions become 
clumsy on account of the subjective numbness and actual aneesthesia. 
At the same time, the fingers look shrunken, the skin j^ing thrown 
into folds, as if the hand had been soaked in hot water^ or they may 
appear ad if frozen, the skin being hard and immovable. The secretion 
of perspiration may be increased, and the fingers feel damp as well as 
cold. Or it may be suspend^. The local temperature is lowered. If 
the part is cut, little or no blood wHl flow. At this stage the arterial 
spasm may suddenly relax and the pairt return' gradually to its normal 
condition, the cetsation of the ooUsMction of the arteries and the return 
of blood being usually acoompahied by burning pain, which may last 
for some hoursi. The duration of such an attack may vary from a few 
inoments to several days. If it continues longer, this Sta^ is usually 
succeeded by the second stage, of cyanosis^ 

(2) The stage of cyanosis results from one of two conditions : either 
the arterial Spasm is so complete that no blood passes into the part, in 
Which case venous blood from lack of vis a teigo or in response to gravi- 
tation regurgitates into the capillaries, distending them and producing 
a state of blUenessJ Or a venous spasm occurs, preventing the exit of 
blood from the part. Which then becomes actively congested, and the 
blood in the topillaries, from want of renewal, soon becomes Venous' 
and produces the cyanotic appearance. The stage of ischaemia may be 
eo short that it is hardly noti^, so that the patient’s attention is first 
attracted by the swollen, blue, and extremely painful condition. The 
skin may Stretched, the tissue infiltrated with products of exuda- 
tion, which can be passed out, as can also the venous blood, and the 
surface may itch as well as be painful. Aneesthesia is rarely present 
in this stage, and there may even be hypenesthesia. The part is cool 
from the increased radiation of heat and orasation of the processes of 
metabolism, the local temperature being lowered. The small vessels 
on the surface will be visibly injected, and capillary ecchymoses may 
rarely be seen. There is less liability to difficulty in movement in this 
stage than in the former one, as the sensations of the part are not 
benumbed, but if present it is <lue to the swelling. This Condition, 
like that in the former stage, may cease suddenly, the recovery of the 
normal appearance being as a rule, slower than , after a simple ischte- 
mia. The duration of this stage has varied from a few seconds to 
several days. It is usually followed by gangrene. 

(9) The condition of local erythema is described here because it may 
lead to gangrene, and has therefore been considered by 'Weiss as one 
of the early stagra of the disease. As a rule, however, it is not fol- 
lowed by the deadi of the part, and the afiectiori in these cases is prob- 
ably one of erythromelalgia rather than of symmetrical gangrene. 
Like the stage of - ischmthis, the stage of erythema may appear sud- 
denly. The part presents a bright-red or a mottled appearance— is 
hot and swollen, and painftil. - The. vessels are visibly injected, the 
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local temperature is raised, the secretioo of sweat may or may not be 
imyeased, and the patient feels a burning sensation rather than pain. 
Hypenesthesia to touch and temperature and pain is usually present, 
or the sensations are normal. The blood can be pressed out, but 
returns immediately. In this condition of hypersemia slight injuries 
lead frequently to an inflammatory process, ulcers may form in the 
pulps of the fingero or around the nails, and the eschars may appear 
dark and even gangrenous ; or an actual condition of gangrene may 
appear in the tips of the fingers, the exact method of its occurrence 
being a matter of dispute. The erythematous condition. is much more 
likely to be permanent than are the other stages of the disease — another 
fact which has led to some hesitation in considering it a true stage. 
This condition of erythema may be due to paralysis of the vaso-con> 
strictors, the converse of the spasm occurring in ischsemia. It has 
also been ascribed to an irritation of the vaso-diiators ; and this 
appears to be the more probable hypothesis. 

(4) The stage of gangrene is always preceded by that of cyanosis, 
and the death of the tissue is due to the arrest of nutrition consequent 
upon a stasis of the blood. It is not necessary to invoke the injury of 
trophic nerves to explain its appearance. In the tips of the cyanotic 
fingers, on their palmar surface, beneath the epidermis, a small blister 
appears, filled with a dark serous fluid or with pus or blood. This 
soon ruptures, and a dark dry scab forms, beneath which an ulceration 
may go on destroying the corinm, but not penetrating deeper. In the 
majority of cases the gangrene is limited to a small area of the pulps 
of the fingers, and only involves the superficial layers of the corium. 
The gangrenous spot is surrounded by a purple margin. When the 
sphacelus has separated a tear remains which is frequently insensitive. 
In other cases when the sphacelus is thrown off it leaves a deep ulcer, 
which may look as if the lost tissue had been cut out with a punch, and 
this gradually granulates and heals. In still other cases the entire 
skin of the terminal phalanx may become black and dry, presenting 
a true gangrenous appearance. Then a line of demarcation is formed, 
usually at the junction of the terminal with the middle phalanx ; 
separation of the gangrenous part occurs, and a stump is left covered 
with thin, glossy skin. This extens^e gangrene, involving an entire 
phalanx, is the exception rather- than the rule. 

While the gangrenous process is in progress in the tip of the finger 
the nails cease to grow, and may become bulbous and rigid ; the epi- 
dermis elsewhere may become diy and desquamate, and ulceration 
around the root of the nail may take place. With the completion of 
the sti^ of gangrene, which may last from one to five weeks accord- 
ing to its extent, the local symptoms terminate. 

It is the symmetrical distribution of the local symptoms just enumer- 
ated which is the peculiar characteristic of the disease. The fingers of 
both hands, the toes of both feet, symmetrically situated spots upon the 
back, trunk, thighs, legs, forearms, and arms (in tiie order of frequency 
ifam^), are affected either singly or in combination. In the majority 
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of oases fingers and toes ate affected together, and s few spots are seen 
on the trunk. In many cases the toes escape. In a lai^ number, of 
oases the face has been affected, spots of cyanosis appearing on the nose 
or ears or lips. As a rule, the stage of gangrene only ensues in the tips 
of the extremities, but a few cases are recoraed in which little areas of 
skin elsewhere have passed through all the stages of the disease. Pig- 
mentation occurs in spots upon the body when the process does not go 
on to gangrene. 

Among the rare symptoms which have occurred in some oases are 
great impairment of temperature, pain, and electric sensations in the 
affected extremities ; swelling, pun, redness about, and effusion into, 
the joints ; considerable loss of motion in the muscles of the hands and 
feet, with diminution of electric excitability, but no qualitative change ; 
and oculo-pupillary changes ascribed to an irritation of the cervical 
sympathetic fibres at their origin in the spinal cord. 

In addition to the eonstitutional symptoms mentioned, which may 
usher in the disease and may continue during its course, there have 
been observed temporary albuminuria, glycosuria, and hematuria. 
Fever never occurs as a symptom of the disease, and if present must 
be ascribed to some other condition. The special senses have been 
affected in a few oases. In one case a spastic contraction of the retinal 
arteries alternated with attacks of ischemia in the extremities.* The 
intellect is usually unaffected, but Weiss observed a case in which 
transient aphasia occurred, which he attributes to local spasm in the 
arteries of the cortex. The patient could find words only after long 
thought, and spoke slowly and with difficulty. 

Oonrse a&d Duration. — The onset of the disease is sudden. The 
symptoms in the first two stages may last only for a few minutes and 
pass off, or the disease may pass through all the stages and terminate 
in gangrene. It is usual for the first stage of ischaemia to last several 
days, varying in severity; for the second stage to last several days; 
and for the stage of gangrene to occupy about three weeks. The short- 
est duration of a single attack has been ten days, the longest five 
months. If the gangrene begins simultaneously in all the fingers, the 
duration will be shorter than if Jt proceeds to one after another. In 
one-third of the oases a recurrence of the disease within a year of the 
first attack has been observed, and it is probable that the proportion 
would have been larger had all the patients been kept under observa- 
tion. In some oases three and four attacks have succeeded each other 
withr some rapidity, some of the attacks being much less severe and 
shoi;ter than others. In some cases the condition of gangrene has 
developed only in one out of three attacks. When the condition is one 
of loo^ erythema the duration may be indefinite, the state becoming 
dironio and lasting for several years. 

Nature. — The nature of the disease is a matter of deduction from 
the study of the symptoms, no autopsies having as yet been made. As 
already stated, the symptoms are explained on (Im theory of a vaso- 
'ItsTmuid, Aidi. gAi. de mdd., 1874, p. 11 ; Galezomki examined the discs 
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^nstriistor ii$iflttion in the^stsiges bf isbhiemia and branosis-i^df a vaad^ 
dilator intitatbn in the stage ^ erytheam. Whether this irritbtidh -ia 
tiie direct result of abnormal prooeases going on in the vaso'^inotor 
centres in the spinal cord, or is the reflex result of irritatbn arieing 
.elsewhere, n undetermined. Baynaud held that it must be of oentru 
origin, since in hie oases galvanization of the spinal Cord modified l^e 
arterial spasm. The latter observation has not Un confirmed by other 
observers. Weira believes that the condition may occur in response 
to irritation arising in the shin, in the viscera, or in tile brain, and thus - 
prefers the theory of reflex origin. This theory-is adopted by several 
observers, who find a source for such irritation in the female genital 
otgans in their oases. Other write» affirm that there is always a lo^ 
arterial disme — sometimes of syphilitic origin, which afieots the vaso- 
motor nerves in the blood-vessel walls; or may go. on to obliterating 
endarteritis. . • . r - 

: Etiology. — The disease occurs in adult life, .only two cases having 
been observed in persons fifty years old. It is most frequent between 
the ages of fifteen and thirty, dihough children and adults beydfid-^e 
age of thirty are about equally liable. Females are- more liid^le"' tedt 
Aan males, four-fifths of the racorded cases having been in 'women. 
It occurs more fieque'ntly in the winter months, exposure to cold beitig'- 
a common exciting cause. Other exciting causes are nervous exhaust 
tion, especially occurring in those who are predisposed to nervous dUlr 
eases by heredity; general weakness from anmmia, malnutrition, or 
the oocurrence of acute fever or exhausting disease ; and mental agiia*^ 
tion, a fright having preceded the attack in several oases. In women 
menstrual disorders and' uterine disease have been oonsideifed as 
etiological factors. Occupation has something to do with its occurrence, 
since washerwomen, waitresses, and chambermaids are the class most 
often aflected. In many oases, however, no cause of local; irritation 
can be found. 

■ ElagnosiB. — The diagnosis rests upon the development of vaso-mo^ 
tor symptoms in the extremities, situated symmetrically; going on to 
gangrene, in a person not afliioted with cardiac disease or with endar- 
teritis of any .kind, and not having bgen exposed to firbst-bite or eigot- 
poiaoning. The age of the patient; the symmetrical position of the 
i^mptoms; the persistence of the pulse in the main arteries^ and the 
limitation of the gangrene to the tips of the extremities distinguish it 
peadily from senile gangKne. The histoiy^dT the^case, the absenoe of , 
itching, and tiie presence of pain during the arterial iniBsm which passes 
off when the sfmsin ceases, serve to separate it clearly ftom ofailblaiiisi 
Congenital cyanosis is pnrauoed by oardiao anomalies; and the entire 
l^ody is affected. Ergbt-poisonihg oan be ascertained by the history. 

I^gnoBia.r^Life is not endangered by this disease, no fatal oases 
having been hscorded. Becovery 'ftom an attack is certain, bat the 
^ duration cannot be rinted; as it will depend. in any case on the rdiarao- 
the bxtQttt, and the severity of thee symptoms. The possibftityjiff. 
a Teepwenee..pfthe.attach.sbould.^iSt«tfdtP4he patient ; 
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Treatment. — The methods of treatment have varied, and non%are 
wholly satis&ctory. If the causes can be met — e. g. aniemia, nervous 
exhaustion — they should be treated. If not, the disease itself may 
be attacked by means of electricity. Or the symptoms iij^y be treated 
as they demand it. Electricity has been used by almost all observers. 
The faradio current produces an aggravation of all the symptoms ex- 
cept in the stage of erythema, and has been discarded. The galvanic 
current may be employed in several ways. Two methods are in use. 
In the first the positive pole is applied over the cervical region, and 
the negative pole over the lumbar region, a descending current Iteing 
thus sent through the spinal cord. The current should be of moderate 
strength, not above twenty-five milliampdres, few patients being able 
to endure the strength implied in Raynaud’s statement that he used 
sixty-four cells of a Daniel battery. The duration of the application 
should be ten minutes, and the electricity may be applied once daily. 
In the second method the anode is applied over the brachial or lumbar 
plexus, as the case may be, and the cathode passed over the affected 
extremity, the current being constant and care being taken not to 
break it suddenly. The strength, duration, and frequency should be 
the same as in the first method. From these two methods, separately 
or combined, Raynaud claimed to have seen favorable rcstilto. His 
assertions have not been confirmed by other observers who have fol- 
lowed his directions closely, and hence considerable doubt at present 
prevails as to the efficacy of the electric current. The so-called elec- 
trical application to the cervical sympathetic is certainly useless. In 
the stage of erythema a very weak faradio current applied to the hands 
in a bath may be of service. 

Many observers have found that the progress of the case to recovery 
was quite rapid if the limb were put at rest in an elevated position, 
were kept warm by cotton batting or similar bandaging, and were 
kept clean with antiseptic lotions when the stage of gangrene set in. 
Massage is to .be used in all cases, the limbs or affected parts being 
gently rubbed with the dry. hand or with aromatic liniments or oils. 
All local injuiy, however, and especially counter-irritation, are to be 
carefully avoided. General toific treatment, especially iron and cod- 
liver oil, is to be used in all cases. 

The pain occurring in the early stages is often so severe as to re- 
quire the use of opium or other narcotics. And when the nervous 
symptoms are especially aggravated, and irritability and insomnia give 
the patient discomfort, bromide and chloral may be employed. 


58 



CHAPTER Liy. 

ANOIO-NEUEOTIC (EDEMA. 

A CONDITION of oedenmtous swelling of limited portions of the sur- 
face of the body, transient in duration and attended by marked vaso- 
motor changes, has been recognized for some years. It has been 
termed acute o^ema, or angio'-neurotic oedema. The latter term im- 
plies a knowledge of its pathology, which is not as yet established. 

The essential features of the disease are as follows : A swelling of 
the tissues affected of an oedematous kind, with a change in their color, 
temperature, and consistence, usually without, but occasionally with, a 
disturbance in the sensations of the part and an interference with the 
functions of the parts, due to the stiffness and swelling. The swelling 
is usually transient, comes and goes rapidly often after exposure to 
cold, but may remain permanently for some days. It appears to be 
of the nature of oedema of the corium itself, rather than of the cutaneous 
connective tissue, as it is hard, does not pit on pressure, and cannot be 
entirely removed by pressure or manipulation. 

The color of the part affected is usually red or reddish blue, but is 
sometimes whitish-yellow or pale. 

The temperature is Usually lower than in the unaffected parts. 

The sensations felt by the patient are those of stiffness, burning, 
numbness, or pain, and the discomfort is increased by the application 
of cold. Objectively, anesthesia is rare.. 

Any part of the body may be affected by the oedema, but hands and 
feet and face are the parts most often affected. 

The duration of the attack varies from a few hours to a few days. 
In the majority of oases there is a complete cessation of symptoms 
between the attacks. In a few there is only a remission. 

The disease has been weU described^'by Simon in the Johns Hopkins 
Hospital Reports, by Osier, Quincke, Strobing, and others. As to its 
nature or pathology nothing is known. Osier has shown that it may 
be hereditary. 

Yarioue reniedies have been tried in its treatment, but none jiiave 
seemed of much avail. In one of my cases massage appeared ^ "be 
of benefit. In none of them did nitroglycerin, or drugs of an lulii^ 
action, or ergot have any effect. Strychnine is however of decided 
use.- . 

The -following oases are recorded as a contribution to the clinical 
features of the disease : 

Case I. JmcoI Transient (Edema, Undted to Oie Right Faee.—^ 
A woman, i^ed:twenty-eight years, was married, of good family history) 
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and had always been in good health. She could assign no cause former 
peculiar disease, from which she had suffered at intervals for two 
years. It had not come on after any emotional excitement or physical 
strain. At first it had given her very little discomfort, byt during the 
past year she has suffered a good deal. When she is in any way ex- 
posed to cold upon her face she notices that the right half of the face 
begins to feel stiff and to burn. When she looks at herself^ she finds 
the entire right side of the face swollen and whitish in color, and to 
the touch the swollen part is perceptibly bard. This condition may 
pass off in a few hours, but often lasts for three or four days, gradu- 
ally subsiding. She has noticed that warm applications will relieve 
it in some degree. It often comes on after she has been driving in 
the summer, but is more troublesome in the winter. It sometimes 
comes spontaneously without exposure or known cause. It has no 
relation to or connection with her general health, indigestion, or men- 
struation. Fear of it or expectation will not produce it, though she 
is in constant dread of it, as it often interferes with her going into 
society or keeping social engagements. 

The right half of the face aras swollen at the time of her visit to 
the office. The surface of the forehead was elevated. The tissues 
about the eye, the eyelids, and soft parts beneath the eye were swollen 
and stiff, and so tense that the eye could not be opened as widely as 
the other. The cheek was perceptibly rounded and fuller than the 
other, and the chin shared in the swelling. The neck was not at all 
affected, its tissues being loose. The swollen surface was colder to 
the touch than the opposite side, and had a whitish-yellow tint with- 
out the uatural color, which was good on the left side. An applica- 
tion of heat for a few minutes had no perceptible effect. The condi- 
tion seen had been present for two days. The face had an apijearance 
of oedema but did not pit on pressure and was much harder than 
oedematous tissue. It resembled almost exactly the condition seen in 
myxoedema, but the swelling did not produce that thick fold ninning 
up on the nose from the cheek seen so frequently in myxoedematous 
patients. ^ 

Under massage the condition subsided within a few hours, and this 
treatment was kept up daily for two months. Since that time there 
has been but one return of the swelling, so that in this case massage 
has certainly afforded great relief for at least six months. 

C^SE II. Local Transient (Edema.— -A. woman,' aged thirty -seven 
year^ had been subject to emotional strain for a few months before 
her present illness, having lost three children at once and having 
grieved very much. She first noticed that her hands swelled when- 
ever she put them into cold water. When winter came on this swell- 
ing bn exposure to cold was noticed in ail other parts of her body — 
e, g,, the face and legs when out of doors, and the buttocks when she 
went to stool in a cold closet. It has been most severe in her hands. 
During the swelling the skin feels as if it would burst, the hands are 
hot, and she cannot use them. No other symptoms are complained of. 



884 


ANQIO-HEUROTIO OHDEUA. 


^Examination .’— is a well-nourished woman with no physical 
signs of heart, lung, kidney, or uterine disease. Her face is swollen 
on the lower part of both cheeks, feels hard to the touch, but does not 
pit on presB^j^’e, and has a yellowish, waxy appearance. This she says 
is due to the cold wind and is temporary. It subsided somewhat 
during her stay in my warm office. The left hand was subjected to 
experiment. It was first tested and found to be the same as the right 
in point of all sensations. It measured 195 mm. around the knuckles, 
and 54 mm. around the middle joint of the middle finger. The dyna- 
mometer grasp was 75°, right 85°. It was then held in cold water 
for a minute. After half a minute in water it looked reddish pink; 
when taken out of the water it was of a blotchy blue ; in a minute it 
bad become uniformly bluish red ; in a minute and a half paler ; in 
three minutes, yellow ; and at the end of five minutes and a half it 
was white and waxy in appearance and the skin had become quite 
glossy. The veins on the Itock of the hand were distended and she 
complained of throbbing in all the fingers, and this was perceptible to 
the touch. The entire hand had become swollen so that at the end of 
ten minutes it measured 204 mm. around the knuckles and 62 mm. 
around the middle finger. At the same time the fingers became so 
stiff that they were moved with difficulty, and the dynamometer grasp 
was reduced to 35°, the effort of squeezing producing pain, distension 
of the veins, and a feeling as if the skin would burst. The tempera- 
ture rose rapidly during the swelling of the hand. Two surface ther- 
mometers were laid on the hands, each marking 70° F. After one 
minute the thermometer on the right hand was 78°, on the left hand 
87.5°; after three minutes, 81.75° and 91.75°; after nine minutes, 
86.5° and 93°, at which {mint they remained for three minutes and 
were then removed. These thermometers had previously been tested 
and were duplicates in sensitiveness. The sensibility to touch and 
pain was not altered during the swelling. A rubber band applied to 
the little finger forced the blood out and reduced the oedema, but, on 
taking it off, dark-blue lines were left and the swelling returned at 
once. The swelling appeared to be of an oedematous nature, but the 
parts were very harf and did not pit on pressure. The waxy appear- 
ance and glossy skin b^n to fade in fifteen minutes after the hand 
had been put into water and the hand became whiter and the pain and 
throbbing less. At the end of twenty-five minutes motion was freer, 
and the measurements were 195 mm. and 61 mm. During the entire 
time the pulse was 88 at the wrist and its tension did not vary^ per- 
ceptibly to the touch. The fingers were still swollen when she left 
at the end of forty minutes. She states that the nails grow more 
rapidly than formerly. There is no change in the sweat. Various 
kinds of treatment had been ineffectual, and the patient still suffers 
from these' symptoms in cold weather. 

Case III. . Local Trangient (Edema limUed to the Ijcfi, Hand . — 
Female, aged fifty-four years, is a healthy woman and has a good 
family history. Has never suffered from any severe diseases. The 
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present condition began at Cbristmaj without known cause, certainly 
not after special exposure to cold. It is limited entirely to the fingers 
and thumb of the left hand, the hand itself escaping The fingers are 
swollen, dark blue in color, hard to the touch, stiff in movement, and 
after exposure to cold become very painful. The size of^he phalanges 
of the index compared with that of the right hand, was as follows . 
First phalanx, || mm.; second phalanx, mm.; third phalanx, 
mm. There was no ans^thesia to touch, temperature, or pain, but 
cold was felt more acutely in the affected fingers, and after the hand 
had been exposed to cold, cotton was not always felt. The oedema 
could be slightly reduced hy manipulation, but not permanently, and 
the color returned at once after pressure. The stiffness and pain were 
much increased by immersion in cold water, and then relieved by heat. 
She cannot carry the hand hanging down without much pain. Power 
was impaired by the stiffness. There was no atrophy of the hand 
muscles. The electric resistance was carefully measured, but was 
equal on both sides. There was no atheroma of the radial or other 
arteries, and tension was not high. Treatment had been of no avail. 
Massage was recommended. The condition here was stationary, with 
remissions, in which respect it differed from the other oases, in which 
it had been intermittent. 

Case IV. (Edema of the Face . — Female aged forty after a nervous 
shook noticed a swelling about both eyes which made it difficult to 
open them. This gradually extended half way up the forehead and 
down over both cheeks and on the sides of the nose and almut the 
mouth and chin, so that all facial movement was hampered and there 
was a lack of play in facial expression, the face being puffy and mask- 
like. It did not pit on pressure. It was dusky and slightly cyanotic 
and cool to the touch. The swelling became greater when the face 
was exposed to cold and then tingling and pain were felt. The tongue 
was not affected. There was no aneesthesia. There was no swelling 
elsewhere in the body and no nephritis. The only other symptom was 
insomnia. The condition failed to yield to anti-gouty remedies which 
had been tried. It had persisted for six weeks continously when I 
saw her. She was put on small doses of strychnine frequently repeated 
and was sent away from home*for a mental change. The condition 
subsided within a week and has not recurred. 



CHAPTER LV. 

TROPHIC NEUROSES. 

Trophic Nerves and Nervous Centres. — The nutrition of the 
body depend:) upon the nutrition of the individual cells of which it is 
made up. Each cell has the power of appropriating from the blood 
such substances as will preserve its existence, enable it to perform its 
functions, and produce a successor. Whether this power is inherent 
in the cell or is controlled by the nervous system is a question upon 
which authorities are divided. Those who hold the first position deny 
the existence of trophic nervous centres and of trophic nerves fcom 
those centres of the oigans and elements of the body, claiming that 
this hypothetical trophic system has not been demonstrated anatomic- 
ally, and that the facts urged in its support are capable of another 
interpretation. Those who believe in tlie existence of a trophic system 
have been able to demonstrate the existence of fine peripheral nerve- 
fibres passing to and ending in individual cells of the skin, glands, and 
other organs, and have brought forward a large collection of facts 
which merit a careful examination. They are as follows : 

Atrophy. — When a nerve is cut certain changes occur in it which 
are known as Wallcrian degeneration. These have been already de- 
scribed in connection with injuries of the nerves (page 135). 

Degeneration in the tracts of the spinal cord occurs after various 
forms of lesion, and is similar in its processes to degeneration in the 
peripheral nerves. The increase in the connective-tissue elements is 
more noticeable in contrast with the parts unafTected, and from the 
density of the tract involved the result has been called sclerosis. The 
researches of Homen have shown that the phwess of degeneration 
b^ins in the entire length of the afiected tract, and does not proceed 
from the point of lesion onward, as was formerly supposed. This is 
described on page 403 in lesions of tfie spinal cord. 

When a. muscle is separated from its connection with the central 
nervous system, either by a division of the nerve passing to it or by a 
destruction of the cells in the anterior cornu of the spinal cord from 
which that nerve arises, it undergoes an atrophy which is peculiiv in 
being immediate and rapidly progressive, thus contrasting strongly 
with the gradual and slighter atrophy from disuse in oases of cer^ral 
paralysis where the cells mentioned and the nerve-fibres are intact. 
There is at fl,rst a simple diminution in the number of the fibrillts of 
which the muscular fibre is made up, together with an increase in the 
interstitial connective tissue nuclei. Then an albuminoid and fatty 
degeneration of the muscular elements occurs, with a proliferation of 
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mascle-corpascles or nuclei, and a gradual absorption of the debris. 
The interstitial connective tissue then increases rapidly, forming fibrous 
bands through the degenerated muscle which comprep the few mus- 
cular fibres remaining, until as a result the muscle is transformed into 
a mere ribbon of connective tissue without ai^ power of contractility. 
As these changes go on the eleotri<»i reactions change, «the three de- 
grees of ration of degeneration corresponding to the three stages of 
atrophy described. The^ phenomena of nerve- and muscle-degenera- 
tion are observed in traumatic or idiopathic neuritis, in acute and 
chronic poliomyelitis anterior, in generai myelitis involving the an- 
terior cornua, and in bulbar paralysis. 

The influence of the nervous system on the nutrition of the bones 
h^ also been ascertained. When' a bone is developing, a lesion of 
the nerve to it, or of the deeper portion of the anterior cornua of the 
spinal cord from which these nerves arise, will modify and partly 
arrest its growth. Thi^ is often seen in anterior poliomyelitis and in 
hemiatrophy of the face occurring in children. In the adult a no less 
marked effect is produced, although the results are less noticeable. A 
condition known as osteoporosis is caused, consisting of an enlargement 
of the Haversian canals and an infiltration of fatty matter into them 
and an actual decrease in all the inorganic constituents of the bone, 
which loses in weight, becomes thinner and more fragile, so that 
spontaneous fractures may occur. This condition has l»en noticed 
more frequently in diseases of the spinal cord than in neuritis ; it is 
said to occur in locomotor ataxia. It has been found in a few cases 
of long-standing hemiplegia and also in dementia paralytica, no expla- 
nation of its pathogeny in these instances, however, being offered. In 
a case of ataxia wifii a lesion in the medulla which involved the nuclei 
of the fifth, ninth, tenth, and eleventh nerves on one side, all the 
teeth of the upper jaw on'that side fell out within a few weeks, those 
in the lower jaw remaining. Changes in the nutrition of the bones 
have also been recorded in cases of progressive muscular atrophy in the 
paralyzed limbs. 

The condition of the skin and its appendages is influenced decidedly 
by changes in the nervous system, either in the nerves, in the spinal 
ganglia, or in the central gray flatter. Here it is the sensory nerves 
which convey the trophic influence, not the motor nerves, as in the 
cases hitherto considered; and when the lesion producing trophic 
changes in the skin is central, it is situated in the posterior cornua of 
the spinal cord or in the gray matter near the central c»nal. The 
glodsy skin seen on the fingers after injuries to the nerves is a type 
of sneh atrophy from disturbance of trophic impulses. Glossy fingers 
present a smooth, shining appearance, are dry from the diminution in 
the secretion of sweat, feel soft and satin-like to the touch from the 
marked thinning of the skin, 'and freqnentlpr show a defective or irr^- 
lar growth of the hails, which may be ridged, curved, or deformed. 
(See Fig. 98, pi^ 199.) They are and mottled from accompanying 
vaso-motor paralysis, and are usually hot and painful. Changes in the 
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pigmentation of the skin and hair are recorded as a not infrequent 
accompaniment of severe neuralgia and as a result of great mental anx> 
ietjia Thus in several cases of supraorbital neuralgia the eyebrow on 
the affected side has turned white ; in infraorbital neuralgia the beard 
has become gray ; and in both the hair has been observed to fall out. 
The sudden turning white of the hair is ascribed to a swelling of the 
hair by air within it. In one case, frequently cited, the hair and nails 
fell out after a stroke of lightning. 

When a gland is cut off from its nervous connection with the cord 
or cerebral axis by section of its nerves, its function is impaired and 
its nutrition suffero, so that after a time it loses weight and undergoes 
a progressive total atrophy. This has been proven experimentaliy in 
animds in the submaxillary gland. It has l^n observed in the testi- 
cle in man after division of the spermatic nerve (N4laton) and after 
destruction of the spinal cord by traumatic and idiopathic myelitis 
(Klebs, Foster). The sweat-glands are known to be under the control 
of a central nervous mechanism, as cases of hyperidrosis, anidrosis, 
and chromiodrosis prove ; and an atrophy of them and of the sebaceous 
glands has been observed after nervous lesions. 

Progressive hemiatrophy of the face is described elsewhere (page 
646). The following case of progressive hemiatrophy of the entire 
body may be mentioned here : A boy, aged fourteen, dislocated his 
ankle, which in a few days became swollen, red, hot, and painful. 
The inflammation extended up the leg, but did not involve the knee, 
and soon subsided. After a short time the foot began to atrophy. 
The atrophy extended up the leg, and involved the thigh ; it then 
progressed to the trunk and the arm, and lastly to the face on the 
affected side, until in the course of two years there had developed a 
unilateral atrophy of the entire body. Muscles, fat, and bones were 
all affected, but no difference in the skin or hair of the two sides was 
noticed. Fibrillary tremors were present in the muscles. The elec- 
tric reactions were not altered, but were gradually lost. There was a 
hypersensitivenesB to touch and to cold, but no other sensory disturb- 
ance. The boy was alive and fairly well when the case was reported. 
It is unique. 

I have recently seen a little girl who has a distinct atrophy of the 
skin, subcutaneous tissue, and muscles of the anterior inner surface of 
the left thigh exactly limited to the distribution of the anterior crural 
nerve ; without aniesthesia, and without paralysis. 

These various instances of atrophy cannot be ascribed to simple dis- 
use, since they differ markedly in their pathol(^ical changes and in 
the rapidity of their progress from such atrophy. Nor are they td be 
referr^ to vaso-motor disturbances, since in many cases no vascular 
changes are evident. Their distribution in the body often corresponds 
exactly with that of peripheral nerves, and they accompany nerve 
lesions too frequently to be explained on any theory of coincidence. 

Hyportrophy. — Trophic changes are not limited to the process of 
atrophy. There are conditions of hypertrophy of supposed nervous 
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origin. Samuel considers the hypertrophy of one testicle which attends 
atrophy of the other from section of its nerve as an example of this. 
It has been ascertained that one kidney hypertrophies when the ofher 
is atrophied or extirpated. When the spleen is removed the lymphatic 
glands increase in size. But these facts are capable of another explana- 
tion — viz., that increased demand upon the organ leads t8 its increased 
growth. Hypertrophy of the skin and of the tongue is seen in cretins 
in contrast with the deformity of the body and atrophy of the limbs. 
A hemihypertrophy of the ikee has been noticed in several cases, the 
counterpart of hemiatrophy ; and in one case a unilateral hypertrophy 
of the entire body was observed. The local thickening of the skin 
known as ichthyosis hystrix, and other hypertrophies of the skin, cer- 
tain deposits of pigment, and vitiligo, have been ascribed to nervous 
causes. Mitchell has recorded cases of abnormal growth of the nails 
and hair after injuries to the nerves, and similar phenomena have fol- 
lowed central lesions and are common during attacks of insanity, dis- 
appearing when the patient recovers. He has also described a thicken- 
ing of the skin of the first three fingers and of the back of the hand 
following a wound of the brachial plexus. These conditions of the 
skin and its appendages indicate an abnormal activity in the cells of 
the affected part, a rapid metabolism and reproduction, resulting in an 
undue production of tissue, apparently dependent on nervous impulses 
reaching the cells from a distance. The insane ear may be mentioned 
in this connection as a trophic disturbance due to central lesion. A 
peculiar form of hypertrophy limited to the head and neck, and which 
1 named megalo-cephalie, was described by me some years ago. 

The patient was a woman, aged fifty-two years, American by birth, 
and of healthy parentage, her mother being still alive at the age of 
seventy-eight. She has one brother and two sisters living and healthy; 
the family history is free from all evidence of cachexia or neurotic 
habit; she has been married since the age of twenty-one, but has had 
no children ; she has been in excellent health until the beginning of 
this disease — six years ago. The first symptoms noticed were formi- 
cation felt in the tips of the fingers, particularly of the right hand, 
which gradually extended upward to the shoulder; this numbness 
was associated with a slight clumsiness of movement and uncertainty 
in tactile perception, although there has never been and is not now 
any actual anaesthesia, either of touch, temperature, or of pain, and the 
muscular sense is normal. She has never felt any of this numbness 
in the 1^ or body, but she has noticed for the past five years a dis- 
turbance in the gait, consisting of an uncertainty in movement and a 
subjective feeling of weakness. During all this time there has been 
a slowly progressive enlargement of the head and neck, and at the 
same time a gradual diminution in stature. Five years ago she was 
five feet, seven inches in height, now she is five feet two ; this short- 
ening is partly due to a stooping posture resembling that assumed in 
paralysis agitans, partly due to an apparent sinking of the head and 
neck between the shoulders, which causes a very peculiar appearance. 
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The striking feature of this disease and its chief oharaoteristio if a 
slowly progressing increase in the size of the head, face, and neck, 
both the hard and soft tissues being apparently affected. ' The skin is 

FlO. 299. 



CoDdlUoD, In 1889, before enlergcment of bead and neck began. 
Fig. 300. 



CondlUon, tn 1891, ihowing unifoim enlargement of the head. 

difilusely thickened to a slight extent, is thrown into folds and not 
inerely stretched over the enlaiged bones, as it would be w'ere it not 
involved in the process ; and while it is not rough or scaly, is slightly 
‘pigmented and has something the appearance of the .skin inmyxos- 
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dema. The suboutaneons tissue is also diffusely thickened, so that it 
throws the skin out and forms a loose body beneath it. The bone 
appears to be the portion primarily and chiefly affected, just a# in 
acromegaly. There is apparently a general hypertrophy of the bone 
over the entire calvarium, more marked just behind the temples. 
This is not limited to definite small areas, but is quite uniform every- 
where, so that the 'skull' is enlarged uniformly. The head measures 
twenty-four inches in circumference a;bout the forehead, fifteen inches 
from. ear to ear over the ve^x^ and sixteen inches from the root of 
the nose to the occipital protuberance. Even the vertebrse of the 
cervical region appear to take part in the enlargement, and as a result 
the head is less movable upon the spine than it should be, and the 
spines of the vertebrse from the fourth to the seventh are decidedly 
prominent in the neck. A feeling of weight in the head is quite 
intense and had led to the hair being cut short, and it was noticed 
that the hair had become quite thin, especially at the sides, when 
formerly it had been thick and heavy. This diffuse growth of the 
head and neck is quite well shown in the photographs, which are all 
the more instructive, as the contrast between the woman in her ordi- 
nary state of previous health five years ago and in her present condi- 
tion is shown. The thickening of the facial tissues tends to decrease 
the natural mobility of the face, so that the facial expression is more 
fixed than in a state of health. The thickening seems to have 
encroached upon the cavities of the nose and mouth, there being some 
dbstruction to breathing and swallowing without thickening of the 
tongue. There is a hai^ respiratory sound in the trachea constantly 
in breathing, and this has been present for a year past. 

The general symptoms which tHis patient suffers from are gradually 
increasing mental irritability and general nervousness, without any 
mental or emotional defect ; an increasing disability to walk and to use 
her hands, attended by much numbness, especially in the hands, an 
occasional pain in the neck, arms, and hands ; some awkwardness of 
movement in the fingers, but no marked ataxia, for she can knit, can 
thread a needle and do fancy work. There is no anesthesia present, 
and there is no loss of pain or thermal sense. The act of walking is 
performed with difficulty and ismow only possible with the aid of hold- 
ing a chair, though there is no ataxia of movement and no spastic 
rigidity of the 1^; the knee-jerks are slightly increased, but there is 
no clonus ; the control of the -sphincters is perfect. ‘ In walking she has 
a general sense of insecurity and feebleness, but there is no evidence of 
paMyris. She stoops forward much like a patient suffering from paral- 
ysis agitans, but has no tendency to fall or to festination. She is able 
td walk up and down stairs with help. Her neck is sixteen inches in 
drcumference — at least four inches larger than formerly. There are 
two soft non-fluctuating swellings below the ears having the feel of dif- 
fbse, fatty infiltrations, and the neck is uniformly increased in size. 
There is jio apparent swelling of the thyroid gland. The cervical ver- 
tebm fed thick and are unduly prtHuinent, but are not tender. , She has 
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had considerable pain along the course of the occipital nerves ; in other 
respects her general health is very good, the digestive and urinary func- 
tion being perfect. The heart is regulv, is not enlaiged, and the pulse 
tension is normal. There are no ca^iao murmurs, but a blowing mur- 
’mur is heard over the arch of the aorta synchronous with the firet 
sound. Thefb is no area of dulness, <md there are no other symp- 
toms to suggest aneurism. Xo cause is to be found for this condition, 
which has ^vanced so gradually that its actual date of onset is diffi- 
cult to determine, though she is certain that it began more than five 
years ago. 

The very extraordinary appearance of the head in this patient sug- 
gested to me that she might be suffering from a condition known as 
leontiasis ; but a careful study of the literature regarding- leontiasis 
convinced me that under this name a number of entirely different con- 
ditions have been grouped. 

The term leontiasis has been applied to a form of leprosy affecting 
the face, and very clearly describol by Leloir in his monograph upon 
lepra, where several plates illustrating the appearance of the face in 
this disease are to be found. In this condition there occurs a deposit 
of new material here and there upon the face beneath the skin, and 
these deposits gradually enlarge and coalesce until the entire face is 
changed into a hard mass with deep seams and roughened surface, the 
features being almost obliterated and the eyes sometimes closed. The 
bones of the face are not usually involved, and the disease does not 
extend upward beyond the line of the hair, and does not produce any 
enlargement of the cranial bones. The term leontiasis has been ap- 
plied to this because the rough, seamed, and thickened appearance 
about the mouth suggests the idea of the jaw of a lion. It is said that 
the term has been in use since the time of Galen. 

There is a second condition to which the term leontiasis has been 
applied — namely, a condition of elephantiasis affecting the tissues of 
the head and neck. This is mentioned by Virchow in his work upon 
tumors. He describes it as a diffuse thickening of the soft parts of the 
head and face, consisting of an increase in fibrous tissue, and considers 
it a form of fibroma molluscum. This form corresponds in its history 
to elephantiasis; it begins quite suddenly with an acute condition, 
which may be either erysipelas or dermatitis or phlebitis ; the skin 
becomes swollen and red simultaneously, and there is often an erup- 
tion of vesicles after the acute symptoms subside, but the swelling 
does not disappear entirely, and the skin pits upon pressure. Later, 

. there is a recurrence of the acute condition and an increased swelllfig ; 
and so the disease goes on with acute exacerbations and remissidbs ; 
ulceration of the surface and very deep pigmentation are commonly 
observed in the parts affected. After describing this condition and 
recording a clinicm case described by Gruber, Virchow says ; I do 
not wish to affirm that there is not a form of lepro^ which calls to 
mind the appearance of leontiasis ; on the contrary, I have often seen 
such a form of leprosy in Norway, but the greatest deformity occur- 
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ring ordinarily without ulceration is the peculiar characteristic of 
hbroma molluscuni, or elephantiasis molluscum/* ‘ * 

I think it is quite evident that the disease from which this patient is 
suffering does not in any way correspond to either of these two dis- 
eases to which the term leontiasis has been applied. * 

There is a third disease to which Virchow gives the name bony 
leontiasis (leontiasis ossea), which, however, resembles mcgalo-cephalie 
more closely. In his description of tumors of a bony nature, after 
describing exostosis and periost^l thickenings, Virchow devotes a 
section to hyperostosis of the face and head. This may take two forms : 
first, a diffuse hyperostosis of the cranium ; secondly, localized hyper- 
ostosis upon the maxillary bones. This latter condition we may dis- 
miss without further consideration, inasmuch as it presents no points of 
a resemblance to our own case. It has been studied carefully by Le 
Dentu in La Revue mensuelle de M6deoine et de Chirurgie, 1879. The 
diffuse hyperostosis of the cranium is, according to Virchow, sym- 
metrical and uniform, so that it does not present any bony excrescences 
and suggests the idea of tumor. Virchow’s description is based 
upon the examination of certain skulls, which are preserve in various 
museums, the first one having been described by Malpighi, 1697. There 
are about six of these skulls known in Europe, all of them presenting 
tremendous enlargement of the bones of the head of a diffuse charac- 
ter. Virchow says : “ This condition is for the skeleton what leon- 
tiasis is for the soft parts ; the appearance of these pathological 
specimens, seen a certain distance, produces the effect of leontiasis 
modelled in plaster. Hence, I have the less hesitation in giving the 
name of bony leontiasis, since, as I believe, the disease corresponds 
exactly with that which we call elephantiasis in the soft parts. Ordi- 
narily, the hyperostosis is associated with a fibrous change in the soft 
parts ; in the rare cases which we have seen, it is the periosteum which 
is the principal seat of the disease. Unfortunately, we have no 
records of clinical observations, and no knowledge of the exact condi- 
tions present by recent autopsy.” * 

In a monograph upon leontiasis ossea,’ Baumgarten has made a 
careful study of this condition described by Virchow, and has collected 
the descriptions of all these skulls in the various museums of Europe. 
He has shown that some of these skulls present a uniform thickening 
of all the bones, while others have shown an enlargement limited to 
the. bones of the face, the cranium escaping. He points out the fact 
tha*^ the latter class of skulls probably belonged to patients suffering 
from the disease acromegalia, in which, as is well known, the bones 
of the face are very markedly enlarged. It is evident from Baum- 
garten’s study that the term leontiasis ossea must be limited to the 
oases in which the hyperostosis of bone has affected the bones of the 
cranium only, or these, together with the bones of the face. He oon- 

^ Viichow : I^thoL des Taments, vol. 1., p. 324. ' 

•Virchow : loc. cit, vol. il., p. 22. 

•La Leontiasis Ossea, par Dr. F. Baumgarten, Faria Steinheil, 1892. 
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aiders that the pathological changes present are either a thiokeniiig 
of tfie surface of the bone alone, or a change both in the surface and 
the diploe ; the latter being in some cases transformed into a spongy 
tissue ; in others, into a hard tissue like ivory. He admits that the 
literature do& not contain any description of this disease observed 
during life, and he does not think that cases have been observed. 

It is my opinion that the case here described is this disease, and that ' 
we can affirm that in these cases there is not only a hypertrophy of the 
hony tissue, but also of the soft parts about it. It is probable that the 
diffuse thickening of the hones of the head and neck causes some pres- 
sure upon the contents of the skull and upon the nerves at their exits 
between the vertebree. This might explain the symptoms which are 
present in our patient — especially the complaints of numbness and the 
difficulty in her gait. 

Various forms of treatment have been punsued in the case under 
consideration. A thorough trial of thyroid extract failed to affect the 
condition in any way, and did not cause any variation in temperature 
from normal. The use of arsenic and strychnine, given in moderate 
doses, ap})ears to have had some tonic effect, and these, together with 
the moderate use of corrosive sublimate internally, are the remedies 
relied upon. 

I have ventured to give the condition the name megalo-cephalie, 
because, as already shown, the term leontiasis has been applied to three 
entirely distinct conditions, and therefore leads to confusion.. 

Since this case^was described by me in 1894 several similar cases 
have been put on record. They all illustrate the condition of a 
localized hypertrophy of the bones of the head. 

Ulcerations of Neurotic Origin. — The most important trophic 
disturbances are those which consist of an actual disintegration of 
tissue. These are very numerous. Herpes zoster, certain forms 
of eczema and pemphigus, lepra ansestbetica, scleroderma, acute 
ulceration of the fingers, perforating ulcer of the foot, acute bed-sores, 
keratitis with aneesthesia of the cornea, sympathetic ophthalmia, and 
various forms of joint disease, are examples of such trophic diseases. 
Por the discussion of the skin and ey# diseases mentioned, the reader 
is referred to special articles' on those subjects. Herpes zoster has 
been discussed in the chapter upon Neuralgia, page 730. In regard to 
lepra ansestbetica, reference may be made to pages 238 and 326. 

I have reported a case of acute ulceration of the ends of the fingers 
and toes occurring in an antemic girl t^ed twelve, and penisting ‘for 
more than a year, associated with cyanosis of the hands and feet, 3nd 
with a tendency to rapid ulceration of any part of the body which 
happened to be exposed to pressure. The hair of the eyebrows, eye- 
lids, and to a less extent that of the scalp, fell out during the dii%ase. 
There was no local asphyxia and no appearance of gangrene ; hence 
the case was not one of ^l^ynaud's disease. Its s}rmmetnoal distribu- 
tion, the lack of any constitutional organic disease or of any ,]ocd 
cause for the production of the ulceration, and the antemic and aerv- 
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ous condition jpreseht, all pointed to a disturbance of the central 
nervous system. It did not yield to treatment, either local or geiAral 
or eleotri^. Mills has seen a similar case. 

Perforating ulcer of the foot begins on the sole, beneath any of the 
metatarso-phalangeal articulations, preferably the first of the fifth, or 
under the heel, as a small pustule under the epidermis. This rup- 
tures,. and the ulcer which results begins to extend in a direction verti- 
cal to the surface, involving the deejier tissues or even opening into 
the joint and destroying the bone. It appears rather like a sinus than 
an ulcer, and is remarkable from the &ct that it is not painful and is 
insensitive to touch, although it may prevent the patient from walking 
on account of extreme tenderness. The epidermis around the sinus is 
thickened and insensitive, and there may be aneesthesia of the entire 
sole of the foot, and even of the leg, although this is due to the neu- 
ritis present, which is also the cause of the ulcer, rather than to the 
ulceration. The circulation is sluggish in the affected extremity ; it 
becomes cyanotic on exposure to cold, and seems peculiarly liable to 
become oedematous. The oedema may go on to suppuration, and in- 
volve the articulations, and ankylosis of the smaller joints may follow. 
This, too, is to be traced to the neuritis. The skin of the foot becomes 
pigment^, and may be dried or covered with offensive sweat. As 
the patient cannot walk while the ulcer remains, the condition demands 
treatment. . Rest, moist warm applications, antiseptic lotions, scraping 
out the sinus, and other surgical means appropriate to the treatment 
of ulcers and sinuses do not often prove of benefit, and in obstinate 
oases recourse has been had to amputation of the foot. Electrical 
treatment has been tried in vain. 

Such perforating ulcers may occur symmetrically on both feet, and 
may be numerous. They also occur rarely on the hands. They have 
been observed not infrequently in locomotor ataxia, occurring either 
early or late in the disease, see page 36:i, and have appeared in patients 
suffering from dementia paralytica. The only constant lesion found 
is a degeneration of the peripheral nerve supplying the affected part. 

Acute bed-sores (decubitus) develop in many cases of spinal and 
cerebral disease, but not in all. • It is aigued that anaesthesia of a part 
or simple pressure upon a part or irritation of an anaesthetic part will 
not explain their occurrence, and that they must be traced to a destruc- 
tion of trophic centres in the cord or brain. No amount of attention 
to the position and cleanliness of the patient is thought to be sufficient 
to prevent them in some cases, and their progress is often so rapid as 
to itmove them from the category of simple ulceration. Their most 
frequent seat is upon the buttocks, over the sacrum, on the heels, and 
over the scapulae ; but it is believed tliat in the conditions in which 
they appear in these placra pressure oil any part may cause one. They 
begin within a few hours after the occurrence of the lesion as irregular 
mottled' patches of redness, in which there soon appear small or large 
vesicles filled with dark serum. These rupture, leaving little areas of 
ulcerated surface, which soon unite to form a lai^ ulcer with softened. 
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infiltrated, and bloody base and ragged edges. The tissues around and 
within the ulcer have a tendency to slough and to become gangrenous, 
and the process goes on rapidly until a considerable area of the surface 
is completely destroyed, together with the deeper structures, fat, 
muscles, and fasciae, down to the bone, which may become necrosed. 
Acute cystitis is so frequently associated with acute bed-sore that it is 
traced to the same nervous cause, though here, again, another expla- 
nation is possible. The constitutional disturbance produced by'-these 
two affections may be increased by a true septicaemia, to which the 
patient succumbs ; or metastatic abscesses may be formed, and pyaemia 
cause death ; or, lastly, the ulcer on the back may lay bare the vertebrae 
and erode their ligaments, thus opening a way for the extension of 
suppuration to the meninges of the spinal cord. The duration may be 
from a few days to two weeks, and the prognosis is very grave. 

Ciironic bed-sores develop in a similar manner, although all the 
processes described occur more slowly and are much less severe. They 
do not show the tendency to extend so widely or so deeply, nor to 
become gangrenous. They remain stationary after attaining a certain 
size, and the tissues seem to lack all tendency to reproduction and 
repair. When the central lesion which they follow liegins to pass 
away they heal ; sometimes local treatment is successful ; but in many 
cases they persist for years, always threatening the life of the patient 
from the possibility of their sudden aggravation or from the occur- 
rence of the complications already mentioned in connection with the 
acute process. , 

Since neither form of decubitus occurs after lesion of the anterior 
cornua of the spinal cord, nor in sclerosis of the posterior or lateral 
columns, nor in those cases of locomotor ataxia in which exten^ye 
invasion of the posterior cornua is present, while they are particular^ 
frequent as a complication of generd myelitis, hemorrhage in the cord; 
and syringo-myelitis, it is argu^ that the trophic centres whose destruOT- 
tion is the cause of these bed-sores lie in the central gray matter of the 
cord, near to the cental canal. In unilateral lesion of the cord the 
bed-?ore occurs on the anaesthetic side of the body — i. e., on the sid^, 
opposite to the seat of the lesion — a fact which may indicated decus-.: 
sation of the trophic nerve-fibres in the cord,' but which has also bei^ . 
urged in proof of the theory' that the sore is always due to irritatic^ t 
of an insensitive surface. •‘ V 

The treatment of bed-sores belongs to the domain of surgery, 'tito 
same methods being pursued as in the case of any large ulc^ ; : The 
application of electricity to the sore has been tried, but the resultS are 
not sufficiently encouraging to warrant its recommendation. 

Joint affections of neurotic origin are discussed in the chapters upon 
Locomotor Ataxia, Hemipl^ia, and Hysteria. 

It is evident ^m this review that the nervous centres liave some 

, ^Becklinghsasni^elievesthat these cases of distuihanceof nutrition can he explained 
by injury of aneesthetic parts in which vaso-motor disturbances of central origin exist 
(Handbuch d. Path. d. £mahrung, pp. 236, 237). ^ 
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influence upon the activity of the cells of which the body is made up, 
and that they control the processes of growth, function, repair, >2md 
reproduction. The facts are too numerous, too varied, and too positive 
to admit of any other explanation. Trophic disturbances must there- 
fore be considered as a set of symptoms referable to various lesions of 
the nervous system. It is evident from the preceding discussion that 
they may be produced by disease of the peripheral nerves ; by disease 
of the ganglionic cells, which nourish those nerves ; by disease of the 
spinal cord, especially in the r^ion of the central gray matter ; and. 
Anally, by disease of the brain. Whether in the last condition the 
eflect is a direct one, or is produced secondarily by an irritation of the 
spinal centres, cannot yet be determined. There are no trophic centres 
as yet localized in the cerebrum, but the pathological facts already 
mentioned warrant the conclusion that such centres will not long elude 
search. Certain facts observed in cases of infantile hemiplegia point 
to the motor area of the cortex as the seat of trophic centres for tiie 
motor mechanisms ; since it is found that when the motor cortex is 
destroyed in early life the .bones and muscles which it controls fail to 
develop properly. Trophic centres for sensory mechanisms are not 
yet discovered. Certain investigations of Luciani point to the cerebel- 
. lum as the part of the brain which governs the general nutrition of 
the body, but these need conArmation. 

Oondusion. — While an attempt has been made here to consider 
vaso-motorand trophic neuroses separately, it must be admitted that in 
very many conditions the two are coincident. This follows inevitably 
from what has been stated r^rding the localization of the vaso-motor 
and trophic centres in the spinal cord, and regarding the course of the 
vafo-motorand trophic nerves from the spinal centres to the periphery. 
These two classes of centres and nerves lie side by side in the central 
and peripheral organs, and it is less surprising that they should be 
jointly affected than that one should ever be involved alone. In any 
case of lesion of the peripheral nerves or of the central nervous sys- 
tem they may be ex])ected. In all cases they are to be regarded as 
symptoms of such lesions rather than as distinct diseases. 
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Cervical neuralgia, 731 
neuritis, 171 

symmthctic paralysis, 440 
Ccrvico-brachial neuritis, 171 
Charcot’s joints, 365 

Churcot-Marie-Tooth form of atrophy, 312 
Clieync-Stokes respiration, 88 
Choked disk, 623 
Chorea, 751 

diagnosis of, 756 
duration of, 765 
electrica, 774 
etiology of, 751 
Huntington’s, 758 
pathology of, 756 
symptoms of, 763 
treatment of, 757 
Chromonhile bodies, 18 
Circumflex nerve, paralysis of, 179 
Claudication, intermittent, 468, 872 
Clonus, 62 

Coal tor products, neuritis and, 220 
Coccygodynia, 740 
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Cochlear nerve, 665 
Collateiub, 26, 48 
Coltrnn of Burdach, 60, 68 
of Qoll, 69 
of Glowers, 70, 115 
of Lissauer,’ 69 
of 8chalt^69 

Columna of spiiw cord, 47, 67 
Coma in apoplexy, 483 
in brain disease, 86 

Combined sderosis, 383 , 

Commissural fibres, 139 
Compression of spinal cord, 435 
Concepts, 124, 131 
Conjugate motion of ej^ 636 
Contractures in hysteria, 838 
Convulsions in apoplei^, 484 
in brain disease, 87 
tumor, 681 
clonic, 87 
local, 89 
tonic, 87_ 

Copper, multiple neuritis and, 230 
Corpora quadngemina, 117, 122 
lesions of, 143 

Cortical areas, development of, 139, 140 
Flechsig’s, 140 

degeneration in alcoholics, 210 
epilepsy, 91, 96 

irritation, signal symptom in, 89 
motor acts, diarwWistics of, 96, 97 
paralysis, 96 
spasms, 91 

Cramps due to occupation, 829 
Cranial nerve nuclei, 144 
nerves, 615 

Cranio-cerebral topography,' 152 
Creeping paralysis, &1 _ . 

Crises in locomotor ataxia, 356 
Crural neuralgia, 735 
CuneuB, 118 

CutaneoBs nerve, external, paralysiaof, 117 
Cystitis, 79 

D 

DsAivraB, 123, 655 _ 

in diseases of brain, 1^ 
in locomotor ataxia, 356 
Deformities in locomotor ataxia, 362 
Degeneration, cortical, in alcoholics, 210 
of nerves, 166 
of neurones, 29, 4S 
reaction of, 43 

in spinal cord, ascending, 69 
seconds^ 403 

Dementia paralytica, ow. See Baretia 
Doidrites, 18 

Diabetes, multiple neuritis and, 249 
l^ti mortni, 870 

IMphtheria, multiple neuritis after, 231 
Diphtheritic paralysis, 231 
Dipleg^ 97 

in cerebral atropliy of infants, 522 
Disseminated scletens, 667 
Dissociated anwtheeia, 324 


Duchenne’s paralysis, 176 
Dystrophies, musculsir, 299, 305 
clawification of, ' 299 
diagnosis of, from chronic anterior 
poliomyelitis, 288 
etiology of, 800 
pathology of, 301 
symptoms of, 303 
treatment of, 312 
_ihy, Bril’s juvenile form, 308 
Landouzy-Dejerine form, ^ 

E 

Echolaua, 763 
£din«t's exhaustion theory, 811 
Eightii nerve, paralyris of, 665 , 
Electrical changes in nerve lesions, 43 
in spi^ cord lesions, 65 
Eleventh nerve, ppal^is of, 663 
Emaciation in brain disease, 89 
Embolismj cerebral, 473 
of retinal artery, 621 
Emotional control, drsturbance of, 141 
Encephalitis, 531 
acute, 475, 531 
cerebellar, 632 
Strumpell’s, 531 
Wernicke’s, 634 
Ekidarteritis, 468, 472 
syphilitica, 678 
Endoneurium, 38 
Epicritic sensations, 41 
Epidemic multiple neuritis, 241 
Epilepsy, 786 

in cerebral atrophy of infants, 623 
cortical, 91, 96 
coarse of, 792 
crura of, 787 
diagnosis of, 803 
etiology of, 794 
grand mal, 788 
Jacksonian, 91, 96, 104, 789 
myoclonus, 774 
oi:^ic origin of, 799 
petit moi, 786 
procundve, 786 

S ’ 1C, 790 
, 59 

status epilepticus, 790 
theories of, 799 
toxcemia in, 802 
traumatic, 796 
treatment oh 806 
surgical, 805 

various forms of, 786, 791 . 

Equilibrium, nerve of, 667 e 

Erii’s juvenUe dystrophy, 308 
paralysia, 176 

Erysipelas, multiple neuritis after, 237 
Erythromelalgia, 48, 871 
External cutaneous nerve, paralysis of, 187 
geniculate body, 117, 122 
Eyebedl, motor nerves of, 627 
Eyes, spasm of, in disease of brain, 91 
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Faci^ hemiatrophy of, 646 

Bpasm of, in disease of brain, 01 
Facial nerve, paralj'sis of, 647 
palsy, 649 
spasm, 764 

I^brsfL commissural, ISO 
Fibrillary twitchings, 69 
Fibrils in axones, ^ 36 
* in dendrites, 21 - 
in neurons, 16 
Fifth nerve, 641 

Fissure of Rolando, relation of, to skull, 
162 

of Sylviusj relation of, to skull, 162 
Flechsig’s cortical areas, 140 
Foot, perforating ulcer of, 366 

spa^ of, in disease of brain, 04 
Formatio reticularis in pons, 113 
Fourth nerve, 634 
Fractures of spine, 422 
Fragility of tones in diseases of spinal 
cord, 79 

Frenkel’s method in tabes, 881 
Friedreich’s ataxia, 388 
Functional vs. organic disease, 33 


Gait in apoplexy, 486 
ataxic, to 
in hemiplegia, 486 
in locomotor ataxia, 361 
in multiple neuritis, 213 
paralytic, 66 
. spastic, 66 

in spinal cord disease, 64 
stepping, 65 

Gangrene, symmetrical, 876 
course of, 879 
diagnosis of, 880 
etiology of, 880 
nature of, 879 
stages of, 877 
symptoms of, 876 
treatment of, 881 

Gas poisoning, multiple nenritu due to, 
218 

Gasserian ganglion, removal of, 730 • 
resection of, 730 

Gastric crises in locomotor ataxia, 366 
Gertier’s disease, 850 

Gelles de la Tourette’s disease, 763, 
773 

Glipsis spinalis, 316. See Syringomyelia 
GlJeBo>labio>laxyngeal para^ris, 609 
Gltsso-phaiyngw nerve, 660 
Glycosuria in brain disease, 89 
Gim, column of, 69 

Gonorrhoea, multiple neuritis after, 238 
Ckirdon reflex, 62 
Gout, multiple neuritis amL 247 
Ghitrers, columns of, 70, 115 
Gumma of cord, 441 
Gummy meningitii^ 687 


Hallvcikations in apoplexy, 482 
of smell, 130 ^ 

Head, spaws of, in diseases of brain,^! 
Headache in apoplexy, 480 
in brain aosoess, 649 - . 
diseases, 83 
tumor, 580 
Hematomyelia^ 418 
Hcmiaiumthesia, 106, 116 
in apoplexy, 486 
in diseases of brain, 108 
Hemianopsia, 122, 618 
in apoplexy, 487 
in diseases ot brain, 116 
subcortical, 122 
Hemiataxia in apoplexy, 486 
in diseases of brain, 113 
Hemiatrophy of face, 646 
of tongue, 369, 665 
Hemachromatopsia, 119 
Hemiplegia, 90, 101 
in apoplexy, 485 

in certoral atrophy of infante, 619 
in diseases of brain, 101 
Hemisynergeria!, 696 
Ilemorrha^, cerebral, 466 
meningm, 698 
in spinal cord, 418 
Herpes zoster, 719 
Hoffman’s neural atrophy, 312 
Huntington’s chorea, 768 
Hydrocephalus, 698, 709 

diagnosis of, from tumor of brain, 698 
Hyperemia of brain, 467 
of optic nerve, 621 
of spinal cord, 302 
Hypertrophy, 888 

pseudomuscular, 303 
Hypnotism, 846 
Hypogastric plexus, 30 
Hypogloaaal nerve, paralysis of, 664 
Hypotonia, 3^ 

Hysteria, 832 

anesthesia in, 75, 836 
contractures in, 838 
diagnosis of, 842 
etiology of, 841 
major, 836 
minor, 834 
pain in, 838 
paralysis in, 836 
prognosis of, 842 
rest cure in, 843 
somnolence in, 839 
s^ptoms of, 832,. 836 
theory of disease 840 
treatment of, 842 
tremor in, 837 

Hysterical temperament, 832 


IinocT, 624 

IdiopaUiic multiple neuritis, 262 
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Imbedlity, 525 

Imp>tence in locomotor ataxia, 353 
Incuure of Schmidt, 37 
Infa^le cerebral meninmtis, 709 
spinal paralyHii), 258 

diagnotrig of, from multiple 
neuritis 211, 274 

Influen^ multiple neuritis and, 235 
Ingomnia in awplexy, 481 
in brain aigease, 86 
Insular gclerosis 667 
Interaction of mind and body, 31 
Intercortical aphasia, 134, 1% 

Intercostal nerves, paralysig of, 186 
neuralgia, 731 

Intermittent claudication, 468, 872 
Interatitial neuritis, 165 

J 

Jacksoniak epilepsy, 91, 96, 104 
Jendraggik method of testing knee jerk, 353 
Joint affections in locomotor ataxia, 364 

K 

Knee jerk, loss of, 353 
painful, 734 
Kocner’s redex, 428 
Korsakow’s psychosis, 214 

L 


Locomotor ataxia, diamosb of, 372 

from multiple neuritis, 201 
etiology, 346 
gait in, 361 
jpistric crises in, 356 
impotence in, 3^ 
joint affections in, 364 
optic nerve atrophy in, 355 
pain in, 350 
paresthesia in, 349 
paralysis in, 370 
patholo^j 338 
physical signs of, 353 
skin affections in, 367 
strabismus in, 355 
symptoms of, 349 
bladder, 353 
mental, 368 
treatment of, 374 
b^hs ioj 376 
climate in, 375 
diet in, 375 
electricity in, 379 
Frankel’s method of, 381 
suspension in, 379 

Lumbar nerves, paralysis of, 186, 286 
plexus, neuritis of, 186 
Lumbo-abdominal neuralgia, 733 

M 


Laceration of brachial plexus, 173 
Londouzy-Dejerinc dystrophy, 309 
speech in, 309 
Landry’s paralysis, 454 
Language, development of, 124 
use of, 130 

Laryngeal vertigo, 852 
LatenU sclerosis, 333 

aniytruplii(^ 291 
diagnosis of, 336 
etiology of, 334 
historv of, 333 
patliology of, 335 
symptoms of, 335 
treatment of, 336 
Lead palsy, 226 

poisoning, multiple neuritis and, 226 
I«g spasm of, in disease of brain, 93 
Lemniscus, 112 

Lenticular region in brain, 142 
zone, 138 

Leontiasis oss^ 892 
Leprous neuritis, 238 
Lissauer, column of, 69 
Little’s disease, 522 
Lotomotor ataxia, 338 

amestiiesia in, 352, 363 
angina pectoris in, 359 
ataxia in, 359 
atnipliy of muscles in, 367 
blindness in, 355 
complications of, 369 
course ofj 370 
deafness in, 356 - 
deformities in, 362 


! Mauriai, fever, multiple neuritis after, 
; 236 

' Maldevelopment of brain, 511 
; Marie’s disease, 850 
I hereditary ataxia, 677 
view of aphasia, 138 
Martin’s symptom, 736 
: Mostodynia, 733 
Mautiiner, sheath of, 37 
Median nerve, paralysis of, 184 
I Megalocephalie, 888 
j Memories of sounds, 123 
j Mendel reflex, 62 
I Mdnidte’s disease, 848 
Meningeal hemorrhage, 698 
Meningitis, 598 
cerebral, 703 

di^osis of, from tumor of brain, 598 

epidemic cerebrospinal, 707 

^mmy, 687 

hydrocephalus, 709 

patholo^ of, 704 

prognosis of, 717 

secondary, 711 

septic, 711 

spinal, acute, 457 

di^osis of, 460 ^ 

etioloOT of, 457 
pathology of, 457 
symptoms of, 459 
treatment of, 460 ^ 
chronic, 460 

diuresis of, 461 
pathology df, 461 
syphilitic, 716 
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Meninntis, treatment of, 717 
tuDercttlous, 713 
varieties of, 703 

Menineo-encephaliti^ 636. See Paresis 
Mental symptoms in locomotor ataxia, 
368 

Meral^ 719 
Migraine, 745 
Monoplegia, 96, 101 
Morton’s toe, 190 
Morvan’s disease, 325 
Motor aphasia, 135 
centres of brain, 91 
of speech, 98 
nerves of eyeball, 627 
tract in Inuin, 99 
Mucous eolith^ 820 
Multiple neuritis, alcoholic, 208 
sclerosis, 667 

dia^osis of, 676 
ctimogy of, 671 
pathology of, 667 
prognosis of, 677 
symptoms of, 672 
treatment of, 677 
Muscles, atrophy of, in diseases of spinal 
cold, 48, 79 

in locomotor ataxia, 367 
ocular, insufficiency of, 856 

para];^8is of, in diphtheria, 231 
spasm of, in brain lesions, 89-95 
in nerve lesions, 45 
in spinal cord lesions, 59 
Muscular atrophy, peroneal type of, 312 
progressive, 280 
dystrophies, 299, 305 
sense, tract of, 110 

Musculospiral nerve, paralysis of, 181 
Myalin sheath, 35 
Myasthenia congenita, 274 
gravis, 612 

Myatonia congenita, 775 

diagnosis of, from acute anterior 
poliomyelitis, 234 
Myelitis, Mute, 3^ 

disseminated, 409 
etiolo^ of, 395 
patholo^ of, 396 
prognoMs of, 410 
symptoms of, 404 
direct, 404 
indirect, 405 
transverse, W 
treatment of, 410 
. chronic, 411 

• diagnosis of, 416 

• etiology of, 411 
pathology of, 413 

^ symptoms of, 415 
treatment of, 416 
Myelomalaria, 394 
Myoclonia, 751 
Myoclonus epilepsy, 774 
Myokimia, 751 




Nakcolepby, 86, 839 
Nausea in brain disease, 87 . 

Nerve bulbs, IM * 

cell body, 18 
of Wrisberg, 648 
Nerves, 38 p 

abduc«ns, paralysis o^ 635 ' 
auditory, paralrais of, 655 
axis cylinder of, 35 
size of, 35 

circumflex, paralysis of, 179 
cochlear, 655 
cranial, 615 
degeneration in, 155 
Wallerian, 162 
diseases of, anaesthesia in, 40 
diagnosis of, 38 et scq. 
electrical citanges in, 43 
pain in, 39 
panesthesia in, 38 
paralysis in, 38, 43, 67 
spasm of muscles in, 45 
symptoms of, trophic, 41, 158 
vasomoton 42 
eighth, paralysis of, 655 
eleventh, {Niralysis of, 663 
of equilibrium, 657 
external cutaneous, paralysis of, 187 
popliteal, paralysis o^, 189 
facial, pralysis of, 647 
fibre, histology of, 35 
fifth, 643 
fourth, 634 

glossopharyngeal, paralysis of, 660 
histology of, 35 
hypoglossal, pralysis of, 664 
injuries of, 155 

cell changes after, 165 
symptoms of, 38 
anaesthesia, 40 
electrical changes, 43 
numbness, 38 
pain, 39 
paralysis, 43 
trophic changes, 41 
intercostal, 186 

internal popliteal, paralysis of, 189 
lumliar, paralysis of, 286 
median, paralysis of, 184 
motor, of eyeball, 627 
musculo-spinil, p^lysis of, 181 
myelin sheath of, 35 
ninth, paralysis of, 660 
oculomotor, 629 
paralysis of, 6.31 
olfactory, 616 
optic, 618 

anaemia o^ 621 
atrophy of, 627 
hypersemia of, 621 
odema of, 623 
paralysis of, 624 
pathetic, paralysis of, 624 
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Kema, peripheral, 35 > 

plwtar, paialyaia of, 181 
pneumogaatriCt peralyaia of, '661 
^posterior thoradic, jpanlyais of, 181 . 
. regeneration of| 160 
aciatic, poralyaa of, 187 
aixth, 6% 

apinal acoMaory, paralpia of, 663 
Bupraacapular, paralyaia of, 180 
tenth, paralyais of, 661 
third, 6^ 

trigeminal, paralyBia of, 644 
tumora of, 100 
twelfth, paiulyaia of, 664 
ulnar, paralysis of, 181, 186 
TSgus, 661 
vestibular, 657 

Ifervous diseases, diagnosis of, 32 
eye-strain and, 856 

K *' li irritation and, 857 
ity in, 32 

organic, classes of, 33 
symptoms of, 33 
system, srohilis of, 678 
diagnosis of,' 687 
forms of, 678 
pathology of, 678 
symptoms of, 680 
treatment of, 688 
Neural atrophy of Hoffman, 312 
Neuralgia, 719 
of broist, 733 
brachial, 731 
coccygodynia^ 740 
oemcoKXicipital, 731 
crural, 734 
etiology of, 719 
intercostal, 731 
lumbo-abdominal, 733 
occipital, 171 
of ovaries, 739 
padiolc^ of, 721 
sciatica, 734 
symptoms of, 720 
of testicles, 739 
treatment of, 722 
trigeminal, 723 
Neurasthenia, 810 

alcoholic type of, 821 
climatic t}^ of, 821 . 
course of, 823 
diagnosis of, 823 ' 
etimogy of, 811 
gaatrtMntestinal type of, 819 
prognosis of. 824 
qrmptoms of, 813 

gastro-intestinal, 819 
mental, 813 
psychic, 813 
sexual, 817 
spinal, 816 
vasomotor,- 818 
syphilitic type of, 821 
treatment of,. 824 
Neuritis, 162 


Neuritis after diphthetia, 281 
erysipelas^ 287 
gonorrhoea, 2^ 
malarial f^er, 236 
puei^r^ feven 238 
septi^mla, 238 
typhoid fever, 236 
variola, 237 . 

apoplectic, 173 • * 

ascending, 163 
brachial, 171 
• 'etiology of, 171 
pathology of, 174 
prognosis of, 174 
^ symptoms of, 171 
treatment of, 174 
cervical, 171 , 

cervico-brachial, 171 
diagnosis of, 45 
diffuse, 165 

electri^l changes in, 43 
interstitial, 165 
leprous, 2^ 

pathology of, 238 
symptoms of, 238 
of lumbar plexus, 186 
migratory, 163 
miutipie, alcoholic, 193, 208 
etiolc^ of, 193 
gait in, 213 
"paUiology of, 209 
symptoms of, 194, 211 
mental, 214 
treatment of, 216 
arsenical, 220 
diagnosis of, 224 
occurrence and source of, 222 
pathology of, 222 
symptoms of, 222 
treatment of, 225 
carcinoma andj 252 
course of, 200 
diabetes and, 249 
diagnosis of, 201 

from acute anterior poliomy- 
elitis, 274 

from chronic anterior polio- 
. myelitis, 285 

„ from in&ntile paralysis, 211, 

274 

from locoihotor ataxia, 201 
from myelitis, 202 
due to antemiiu 220 
carbon sulphide, 219 
coal-tar pimucts, 220 
copper, ^ 

gnppe, 235 , 

infectious ogenta 231, 236 
lead poisoning, 226 

duration of, 228 
etiology of, 226 
pathol^ of, 227 
sources of, 226 
symptoms of^ 227 
. treatment of, 280 
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Neuritis, multiple, due to mercury, 230 
phoephortis, 230 
silver,'^ 
sulphonal, 224 
trionalj 220 
duration of^ 203 
epidemioi 241 
> pathology of, 243 
symptoms of, 243 
treatment of, 245 
types of, 243 
etiology of, 193 
fever in, -200 

gas poisoning and, 218 . 

gout and, 247 
idiopathic, 252 
pulse in, 200 
rheumatism and, 246 
. symptoms of, 194 
mental, 200 
trophic, 199 
vasomotor, 199 
syphilis and, 251 
treatment of, 203 
tuberculons and, 250 
varieties of, 193 
optift 624 

in abscess of brain, 553 
in diseases of brain, 88 
in tumors of brain, 583 
parenchymatous, 164 
pathol^ of, 164 
periaxillary, '166 
peripheral, 163 
pro^osis of, 167 
of sacral plexus, 187 
senile, 254 
symptoms of, 38, 167 
trophic 174 
treatment of, 167-175 
cautery in, 168, 175 
electrical, 169, 175 
surgical, 167 
Neuro-fibrils, 21 
Neuromata, 190 
Neurones, 18 

changes during work, 28 
classes of, 18, 24 • 

degeneration of, 29, 48 a 

heteromere, 71 
interaction of, 27 
nutrition of, 28 
pathology of, 28 
regeneration of, 28 
. tautomere, 71 
• varieties of, 27 
Neuroses, occiuiatioD, 829 
re6ez, 853 
trophic, 859 * 

uterine, 856 
vaso-motor, 859 
Neuro-tabes peripherique, 196 
Ninth nerve, paralysis of, 660 
Nbid bodies, 18 

paMological changes in, 29 


Nodding ^sm, 739 
Nodes m &nvicr, 36 
Noguchi test for syphilis, 687 ' 

Nuclei, cranial nerve, 144 ' $ 

Nucleus ambiguuB, 113 ■ 
cuneatus, 116 
gracilis, 116 
red, m • 

Numbness in apoplexy, 402 

o 

Obstetrical {inrriysis, 176 
Occipital lobe, lesions of, 118 
neuralgia, 171 
Occupation' neuroses, 820 
Ocular muscles, insufficiency of, 856 

paralysis of, in diphtheria, 231 
palsy, recurrent, 636 
vertigo, 840 

Oculo-motor nerves, 629 
paralysis of, 631 
CE^dema, angio-neurotic, 882 
of optic nerve, 623 
Olfactory nerve, 616 
tract, 129 

Ophthalmic migraine, 637 
Ophthalmoplegia, 637 
Oppenheim reflex, 62 
C^tic chiasm, 116 
nerve, 618 

aneemia of, 621 
atropihy of, 627 

in locomotor ataxia, 355 
course of, 116 
hypenemia of, 621 
oracmaof, 623 
paralysis of, 624 
neuritis, 88, 624 

in abscms of brain, 553 
in diseases of brain, 88 
in tumors of brain, 583 
thalamus,! 17, 143 

functions of, 117, 143 
tract, course of, 116, 123 
Optical aphasia, 134 
Organic nervous diseases, classes of, 33 
va functional disease, 33 


Pachymeningitis cervicalis hypertro- 
phica, 452 
externa, 695 
interna, 695 

Pain in diseases of spinal cord, 77 
in hysteria, 838 
in injuries of nerves, 39 
in locomotor ataxia, 350 
in nerve lesions, 39 
PUins, referred, 741 
Painful knee, 734 
shoulder, 180 
Palsy, birth, 176 
facial, M9 
lead, 226 

ocular, recurrent, 636 
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Pbreesthcsia jn diseases of brain, 04, 104 
in locomotor ataxia, 349.. 
in nerve lesions, 38 
in spinal cord disease, 68 
Panljwis, 47 

df aMucens nerve, 636 
agitans, 779 
altematini ri«02 
angio-, 870 
in apoplexy, 484 
asthenic, 612 
atrophic, acnte, 258 
of auditory nerve, 655 
bullnr, 607 

of cervical sympathetic, 440 
of circumOex nerve, 179 
cortical, 96 
creeping, 281 
diphtheritic, 231 

in diseases of brain, 94, 90, 99, 101, 102 
alternating, 102 
crossed, 102 
Duchcnne’s, 176 
of eighth nerve, 655 
of eleventh nerve, 663 
Erb’s, 176 

of external cutaneous nerves, 187 

{Mpliteal nerve, 189 
of facial nerve, 647 
glosHo-labio-laryngcal, 609 
of gloHso-pharyng^ nerve, 660 
of hypoglossal nerve, 664 
in hysteria, 836 
infantile spinal, 258 
in injuries of nerves, 43 
of intercostal nerve, 186 
of internal popliteal nerve, 189 
Landry’s, 454 
in locomotor ataxia, 370 
of lumliar nerves, 186, 286 
of median nerve, 184 
of mnsciilospiral nerve, 181 
in nerve lesions, 38, 43, 57 
of ninth nerve, 660 
obstetrical, 176 

diagnosis of, from acnte anterior 
poliomyelitis, 275 

of ocular muscles in diphtheria, 232 

of oculo-motor nerve, 631 

of optic nerve, 624 

of pathetic nerve, 634 

of plantar nerves, 181 

of pneuraogastric nerve, 661 

of posterior thoracic nerve, 181 

pscndohypertrophic, 303 

regressive, 258 

of sciatic nerve, 187 

of spinal accessory nerve, 663 

cord lesions, 47 

typw of, 48, 61, 68 I 
of suprascapular nerve, 180 
of tenth nerve, 661 
of trigeminal nerte, 644 
of twelfth nerve, 664 
of ulnar nerve, 181, 186 I 


Pbralytic pit, 65 
Paramyoclonus multiplex, 772 
Paraphasia, 136 
Parapl^a, ataxic, 383 
dolorosa, 440 
senile, 417 
spastic, 333 

Para-syphilitic diseases, 679 
Parenchymatous neuritis, 164 
Paresis, 636 

diamiosis of, 642 
. etiology of, 536 
modes of onset of, 539 
patholo^ of, 537 
physicu signs of, 641 
prognosis of, 543 
symptoms of, 538 
treatment of, 544 
types of, 539 

Paricto-occipital fissure, relation of, to 
skull, ^ 162 
Parosmia, 618 

Pathetic nerve, paralysis of, 634 
Perforating ulcer of foot, 366 
Perineurium, 38 
Peripheral nerves, 35 
Pernicious aniemia of spinal cord, 392 
Peroneal tyjw of musemar atrophv, 312 
Phosphorus, multiple neuritis ano, 230 
Pigmentation of skin in arsenical neuritis, 
224 

Plantar nerve, paralysis of, 181 
Plates of AiicrMch, 22 
Plexus of sympathetic system, 30 
Pneiimogastric nerve, paralpis of, 661 
Polioencephalitis, inferior, 534 
superior, 631, 534 
Poliomyelitis, anterior acuta, 258 

cases of, epidemic, 273 
s{)oradic, 265 
diagnosis of, 273 

from myotonia congenita, 

274 

from neuritis, 274 
from obstetrical {mralysis, 

275 

from rheumatism, 273 
• from rickets, 274 

c epidemics of, 259 
< etiology of, K8 

origin of, infectiems, 260 
toxic, 261 
pathology of, 261 
prognosis of, 275 
relation of to seasons, 269 .. 
treatment of, 275 " 

chronica, 280 ^ 

dia^osis of, 287 

from amytrophic sclero- 
sis, 2'87 

from dystrophy, 288 
from neuritis, 289 
from syringomyelia, 289 
duration of, 287 
pathology of, 281 
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Poliomyelitu, anterior chronica, prognoaiB ; 
of, 289 

symptoms of, 283 
treatment of, 290 
types of, 2^ 

Folyneuritic ps^chmis, 214 
Polyuria in brain disem, 89 
Pons Varolii, 144 

lesions of, symptoms of, 144 
Popliteal nerve, external, paralrais of, 189 
internal, paralysis of, 189 
Posterior sclerosis, 33% See Locomotor 
ataxia 

thoracic nerve, paralysis of, 181 
Posture in pseudo-muscular hypertrophy, 
306 

in spinal cord disease, 65 
Procursivo epilepsy, 786 
Professional cramps, 829 
Progressive mustmlar atrophy, 280 
Projectile vomiting, 87 
Protopathic sensations, 41 
Pseudo-hypertrophic paralysis, 303 
Pseudo-muscular hyiiertrophy, 303 
course of, 307 
{Msture in, 305 . 
prognosis of, 311 
Pseudo-smcrosis, 676 
I’seudo-tabcs, 1% 
alcoolique, 213 
arsenicme, 223 
Psycbasthenia, 810, 813 
Psychic epilepsy, 790 
Psychical blindness, 119 
deafness, 123 

Psychosis, Korsachow’s, 214 
polraeuritic, 214 
Psychotherapy, 824 

Puerperal fever, multiple neuritis after. 


Pulvinar, 117 
Puncture of brain, 699 
Pupil reflexes, 354, 620, 633 
Pyramidal tracts in spinal cord, 48 


Quincke’s puncture, 151, 460, 706j| 


Banvieb, nodes of, 36 
Beaction of degeneration, 43 
Bectal reflex, 64 
Bed nucleus, 113 
Beferred pains, 741 
Iteflex neuroses, 853 
Beflexes, 59 

Babinski’s, 61 
of bladder uid rectum, 64 
disturbance of, 59 
exawration of, 62 
Goraon’s, 62 
loss of, 61 
Mendel’s, 62 
Oppenheim’SL 62 
alM, 63 


Beflexes, tendon, 60 
Begeneration of nerves, 160 • 
of neurones, 28 

Begressive paralysis, 258 9 

Ke^ cure, 843 


Betinal artery, diseases of, 621 
embolism of, 621. 
thrombosis of, 62z 
Bheumatic ocular palsy, 636 
Bheumatism, diagnosis of, from acute an- 
terior poliom^'elitis, 273 
multiple neuritis and, 246 
Bice, beri beri and, 241 


Bickets, diagnosis of, from acute anterior 
poliomyelitis, 274 
Boimrite, neuritis and, 220 
Bolando, fissure of, relation of, to skull, 152 
Bombei^s 8yni{tom, 361 


S • 

Sackal plexus, neuritis of, 187 
St. Vitu^ dance, 751 
Sarcoma of vertelirae, 439 
Schmidt, incisure of, 37 
Schultzc, column of, 69 
Schwann, sheath of, 37 
Sciatic nerve, paralysis of, 187 
Viatica, 734 
Sclerose cn plaiiucs, 667 
Sclerosis, amytrojthic lateral, 251 
combined, 383 
disseminated, 667 
insular, (i67 
lateral, 333 
multiple, 667 
posterior, 338 

Self control, lack of, in brain disease, 85 
Semilunar canals, 659 
Senile neuritis, 254 
paniplegio, 417 
tremor, '785 
Sensation, tests of, 106 
Sensations, enicritic, 41 
protopathic, 41 
Sense of smell, 129, 617 
of taste, 644 
Sensory aphasia, 133 
tract, 108, 110 
Septic meningitis, 711 
Septicemia, multiple neuritis after, 238 
Sheath of Mauthner, 37 
of Schwann, 37 

Silver, multiple neuritii^and, 230 
Sixth nerve, 635 

Skin affections in locomotor ataxia, 367 
reflexes, 63 

Skull, measurements of, 518 

relation of fissure of Bolando to, 152 
of Sylvius to, 152 
Smell, hallucinations of, 130 
sense of, 129, 617 
Solar plexut^ 30 
Somnolence in hysteria, 839 
Spasm, angio-, 870 

of cerebral vessels, 468 
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Spurn, oor^cal, 91 

in diseases of brain, 89, 98 
facial, 764 

%f miucies in brain leBi<Hii^ 89-98 
in nerve lesions, 45 ' ''' 

in spinal lesions, 69 
nodding, U9 
va'tic, v6r 

Spasmodic torticollis, 767 
Spastic ^t, 65 

333 

rigiditj in cerebral atrophy of infants. 


Speech, defects of, 98. See Apham 
disturbance, 131 

in Landouzy'Dejerine dystrophy, 309 
motor centru of, 98 
Spinal accessory nerve, 663 
bloodvessels, 255 
cord, antemia of, 392 
anatomy of, 46 
bacterid infection of, 402 
columns of, 47, 67 
compression of, 435 
degraeration in, ascending, 69 
secondary, 403 
diseases of, aneesthesia in, 68 
diagnosis of, 46 et seq.- 
electrical changes in, 55 
gait in, 64 
pain in, 77 
panesthesia in, 68 
paralysis in, 47 
pasture in, 65 
spasm of muscles in, 59 
symptoms of, 47 
anaesthesia in, 68 
thermo, Ti 

atrophy of muscles in, 
48, 79 

fragility of bones in, 79 
pain inj 77 

paralysis in, 48, 51, 58 
trophic, 78 
vasomotor, 79 
functions of, 46 
groups of cells in, 52 

functions of, 53 

C ma of, 441 
orrha^ in, 418 
diagnosis of, 432 
etiology of, 420 
pathology of, 418 
prognosis of, 432 
symptoms of, 420 
treatment o^ 433 
hy^penemia of, 392 
iiqnries of, 418 
pyramidal tracts in, 48 
segments of, relation of to verte- 
bra 422 
ayphius of, 441 
town of, 442 

diag^ of, 448 
etimo^ of, .446 


Spinal cord, tumors of,' pathology cd, 448 ■ 
symptoms of, 447 
treatment of, 4^ . 
wounds of, 418 
epilepsy, 59 . 
meningitis, acute, 457 
cmonic, 460 
paralysis, infantile, 268 
Spine, caries <d, 435 
fractures of, 422 

Staggering in cerebellar disease, 150, 694 
Stepinnggut, 65 
Stereognostic sense, 107 
Stereotyped movements, 761 
Stom^ ve^go, 851 
Strabismus in locomctorataxisj 366 
Strumpell’s encephalitis, 631 
Stupor in brain oiseasi^ 86 ’ 

Subcortical hemianopsia, 122 
Superior olive, 113 
Suprascapular nerve, paralysis of, 180 
Sylvius, mure’of, relation of, to skull, 152 
Symmetrical gangrene, 876 
Sympathetic, cervical, lesion of, symptoms 
of, 172 

nervous system, SO, ^1 
Syphilis, multiple neuritis and, 261 
< of nervous system, 678 
Noguchi’s test for, 687 
of spinal cord, 441 
tabw and, 348 
Syphilitic meningitis, 716 
Syringomyelia, 316 
course of, 329 
diagnosis of, 331 ' 

from chronic anterior poliomye- 
litis, 289 
history of, 316 
pathology of, 316 
symptoms of, 323 
trophi& 326 
treatment ot, 332 

. ' ■ ' T 

Tabes dorsale spasmodique, 333 

dorsalis, 338. See LoMmotor ataxia 
Tochm cerebroles, 871 
Tas^ sense of, 644 
Teem, grinding of, 646 
T^imentun^ lesions of, 144 
Temperature in brain abscess, 550 ' 
centres in bnun, 88 
Tendon reflex, 60 
Tenth nerve, paralysis of, 6§1 
Terminal brumes, 24, 48 
Imlbs, 35 
feet of Held, 22 
jplates, 36 • .r 

Testides, neuralgra of, 739 
Tests for ataxia, SOl, w2 
Tetany, 776 
Thermic centres, 143 
Thermooneeathesia, 72 
Third nave, 631 , . , 

Thromboais, cerdiral, 473 



INDEX. 




ii;*' ■ 9 " 

Tbiombada of retinal attery, 622 
of Tenbua einiisea, 66S 
Tie8,?61 . 

Tigroid, 18 

Toogoe, heiaiatnmhy of, 369, 666 
TorUo^ 767 
Tozie Tem^ 861 
4ract of muscular sense, 110 

of pain sense in owehral axis,^ 113 
of tactile sense in cerebral axis, 113 
Tremor, 786 
causes of, 785 
hereditary, 786 
in hysteru^ 887 
senile, 783 

Trigeminal nerve, paralysis of, M4 
neuralgia4*723 
Trism^ 645 
Trophic nerves, 886 
neuroses, 859 
symptoms, 41, 78 

explanation of, 42, 158 
in nerve lesions, 41, 168 
in neuritis, 174 
in spinal cord lesions, 78 
in syringomyelia, 325 
Tubpreula dmorosa, 191 
Tpberculosl^ multiple neuritis and, 250 
Tuberculous meningitis, 713 
Tumor of brain, 567 
of cord, 442 
of nerves, 190 
Tunine fork tests, 655 
Twelftn nerve, paralysis of, 664 
Typhoid fever, multiple neuritis after, 236 


u 

Ulcer of foot, 366 
Ulcers of neurotic origin, 894 
Ulnar nerve, paralysis of, 185 
Urine in diseases of brain, 89 
Uterine neuroses, 856 

V 

Vagus nerve, 661 
Vascular tone, 860 
Vaso-con^rictors, 86, 862 
Vasodilators, 863 
' Vaso-motor centres, 867 
nerVes, 864 
neuroses, 859 
coune of, 872 
diamosis of, 869 
pathogenesis of, 869 
physiology ot, 860 


Vaso-motor neuroses, syniptoma of, 869 
treatment df, 878 
reOexes, 866 

eympto^ 42, 78 ^ 

, in brain diseases, 89 ' ^ 

in nerve, lesions, 42 
in spinal cord lesions, 78 
tracts, 867 ar 

Variola, multiple neuritis after, 287 
Venops unuses, thrombosis of, 668 
etiology of, 563 
pathology of, 563 
symptoms of, 566 
treatment of, 566 
Vertebrae, carcinoma of, ^9 
sarcoma of, 439 
Vertigo, 669, 848 
in apopleiv, 481 
auditory, MS 
in brain diseases, 86 
tumor, 584 
cerebellar, 147 
ocular, 849 
laryngeal, 852 
stomach, 851 
toxic, 851 

Vestibular nerve, 667 
Visual aura, 121 
• memory, 120, 
tract, 117 

Voluntary acts, characteristics of, 97 
Vomiting in brain disease, 87 
tumor, 683 

Voltolini’s disease, 849 

w 

Wacj. paper pigment, neurit^ and, 226 
Wallerian de^neration of nerves, 162 
Wassermann reaction, 687 
Weather, induence on nervous symptoms, 
818 

Weber’s syndrome, 101 
Weir Mitchell’s rest cure, 843 
Wernicke’s encephalitis, 534 

hemiopic pupillary re&ex, 123, 621 
Westphnl’s symptom, 354 
Woid blindness, 120, 134 
deafness, 124, 133 
WiTsberg, nerve of, 648 
Writer’s cramp, 829 
Wryneck, 767 

z 

Zone, lenticular, 138 







